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MINERALS. 


BLOWPIPE MINERALS.—Especial interest is shown at this time 
of year in this department of our business. Our material is selected 
with exceeding care and is supplied in good sized massive specimens as 
pure as wecan secure. We haveadded largely to our stock and promise 
prompt and careful filling of all orders, which we especially request be 
sent in as soon as possible. 


Recent Additions of Cabinet Specimens: 


Eudialyte from Arkansas, crystals, 50c. to $5.00; massive specimens, 
10c. to $2.00. Very rare. 

Hiddenite crystals, terminated, choice, $1.50 to $5.00. 

Gold, crystallized and leaf, from California, $2.50 to $85.00. 

Phenacite, Mt. Antero, loose crystals, extra good, 25c. to $5.00. 

Bertrandite, Mt. Antero, a few good gangue specimens, $1.00 to $3.50. 

Salida Garnets, 1000, large and small, 10c. to $6.00. One large group, 
$17.50. 

Celestite from W. Va. (described A. J. S., Mar. ’90), 15c. to $2.50. 

Calcites from Dakota (new), choice groups, 10c. to $1.50. 

Chiastolite Crystals, 10c. to $1.00. 

Loose Pyrite Crystals, Leadville, 10c. to 50c.. 

Fergusonite Crystals, Texas, 50c. to $5.00. (The $25 specimen adver- 
tised last month is sold). 

Nivenite, Thoro-gummite, Cyrtolite, Allanite, from Texas. 

Peristerite, good crystals, N. Y., 25c. to $1.00. 

Spessartite in Rhyolite, Colorado, an extra fine lot, 50c. to $8.50. 

Topaz, San Luis Potosi, finest ever secured in Mexico, both loose 
crystals and splendid matrix specimens, 10c. to $25.00. 

Hyalite, Mexico, extra good, 15c. to $2.50. 

Apophyllite, Mexico: a very fine collection has just been purchased 
by our Mr. Niven. ‘ 

Valencianite in good specimens is in the same shipment. 

Rhodochrosite.—Our Colorado collector has just secured the finest 
lot of the beautiful transparent rhombic crystals of this mineral ever 
found in the U. §. 

Rare Species, a few just added: Native Tellurium, Hessite, Sylvanite, 
Cosalite, Nagyagite, Coloradoite, Domeykite, Kobellite, Randite, Min- 
ium, Stromeyerite, Linarite, De Saulesite, Microlite, Utahite, etc., etc. 

The foregoing are only part of the almost countless very recent addi- 
tions toour stock. It should be borne in mind that we have the largest, 
finest and most varied stock in the U.S. The best idea of it can be 
obtained only by visiting our two stores, but if you cannot do this, 


Send for our 100 pp. Lllustrated Catalogue, 
which is mailed free to anyone who mentions this Journal. 


GEO. L. ENGLISH & CO., Dealers in Minerals, 
1512 Chestnut St., Philadelphia. 739 and 741 Broadway, New York. 
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[THIRD SERIES.] 


Art. XXXV.—A description of the “ Bernardston Series” 
of Metamorphic Opper Devonian Rocks; by BEN K. 
EMERSON.* 


1. Description of the Region.—The terrace sands of the 
Connecticut river are narrow upon its western side where the 
river crosses the State line, and they continue with little increase 
of width for four miles southwesterly, and then, as they enter 
Bernardston, their boundary upon the older rocks turns abruptly 
west, and runs for seven miles a little south of west, past the 
village of Bernardston, and along the north line of Greenfield. 
Bernardston village stands just 1 in the middle of this line, and 
at the mouth of a narrow valley, up which a lobe of the alluvial 
sands reaches northwardly for nearly two miles. On the west, 
this valley is bounded by the high ridge of West Mountain, 
made up of-the contorted argillite which stretches in a narrow 
band far north, across Vermont, and disappears below the river 


* The introductory part of this paper, giving a history of previous investigations 
in the region, is here omitted. The publications mentioned in it, which are of 
chief interest in this connection, are: Prof. Edward Hitchcock’s Report on the 
Geology of Massachusetts, 1833, and 2d ed. 1835, the latter mentioning the dis- 
covery of Crinoids and giving figures; the Report on the Geology of Vermont, 
by E. and C. H. Hitchcock, i, 447 and ii, 598, 1861; the two papers of J. D. 
Dana in this Journal, III, vi. 339, 1873, and xiv, 379, 1877; a paper by CO. H. 
Hitchcock in this Journal, xiii, 313, 1877; also observations by C. H. Hitchcock 
in the Geology of New Hampshire, ii, 428, 1877; a short paper by R. P. Whitfield 
on the fossils of Bernardston, based chiefly on specimens of new forms discovered 
by Prof. Emerson, published in this Journal. xxv, 368, 1883. 

The investigation by Prof. Dana had in view the chronological canon with 
regard to crystalline rocks—that kind of rock was a safe criterion of geological 
age—and that, under it, “ staurolite crystals were as good as fossils” for the 
purpose. The metamorphic Taconic region of western New England, and the 
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sands on the north line of Greenfield, appearing again only in 
the limited outcrop just west of the village of Whately, fifteen 
miles farther south, and in one newly discovered at the mouth 
of Mill River. Everywhere the slope of the West Mountain 
shows only the black argillite, except in a single band back of 
the house of Mr. Williams, a mile north of the village, where, 
apparently resting upon the argillite, occurs the fossiliferous 
series. The section has a width going up the hillside on the 
line of dip, of only 105v™, and is nowhere exposed, on the 
strike, more than a tenth of this distance. The outcrops of the 
argillite to the north and south show that there can be only a 
very limited amount of the newer series preserved upon the 
hillside, while the heavy accumulation of till generally prevents 
one’s seeing its limits or its contact upon the rock below. 
It approaches the argillite quite closely upon the west and in 
the line of strike can not be more than 3000" long. Over 
against the West Mountain on the east, across the narrow valley 
of Fall River, rises a range of hills bounded on the south and 
east by the terrace sands, which is composed of a similar series 
of rocks ir similar succession. The principal difference between 
the two is that on the east a dark hornblende rock, often massive, 
takes its place in the series while the limestone and magnetite 
bed of the typical section are wanting, and all the other mem- 
bers are somewhat more metamorphosed. Staurolite occurs in 
the schists, feldspar crystals and biotite in the quartzites, and 
they are thrown into complex folds and greatly faulted. The 

lie in fact along the center of the great synclinal of the Con- 
necticut valley which is an area of maximum disturbance of the 
rocks quite across the State. These discrepancies become less 
important when it is noted that hornblende exists in consider- 
able quantity directly above the Williams farm limestone, and 
the second bed of the same limestone in South Vernon is encased 
in hornblende schist. Across the river in Northfield the white 


Bernardston of central, being known to afford fossils, the former of Lower 
Silurian age and the latter of Lower or Upper Helderberg, these were selected 
as regions for ascertaining what kinds of crystalline rocks might be of these 
different periods for comparison with Archean crystalline rocks. (The Lower 
Silurian age of the Taconic system was hardly questioned in 1873 by any one.) 
Prof. Dana’s papers on the Bernardston region describe among these rocks, 
besides the limestone and quartzyte, garnetiferous mica schist, staurolite slate, 
gneiss, and various hornblendic rocks, including quartz-syenite. 

Prof. Emerson has given the region a thorough investigation, in which he has 
removed the doubts as to the relations of the beds, made out, as far as possible, 
the system of faults and flexures, studied the rocks as to their kinds and transi- 
tions, and determined the age of the series to be Upper Devonian. The paper 
will be accepted in America, and should be elsewhere, as putting the facts beyond 
doubt that gneiss. dioryte, granite, and the other crystalline rocks described are 
not always of Archean or pre-Cambrian make; that dioryte and granite are not 
always of igneous origin; and these conclusions are made sure on the well-estab- 
lished criterion of age, that is, fossils—Crinoids, Corals, Brachiopods. J. D. D. 
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Fig. 2. Map of Devonian rocks, Williams Farm; 3. Section of same; 4. Section at limestone 
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saccharoidal quartzite extends to the base of the Northtield 
Mountain and is there bounded by a north-south fault, while 
only asingle outcrop of schist is exposed. 

2. The relation of the Bernardston series to the Argillite. 
—It was originally assumed by President Hitcheock that the 
argillite and the schists of this series were conformable. Pro- 
fessor J. D. Dana,* finding the argillite about a half mile west of 
the limestone to have a much higher dip, decided that they were 
unconformable to, and much older than, the upper series, and 
this conclusion was accepted by Prof. C. H. Hitcheock.¢ Ihave, 
in tracing the distribution of the quartzite, given five localities 
where the boundary of the quartzite and argillite is well exposed, 
and I could increase the number, and in each ease there is 
apparent conformity and a uniform passage from the common 
argillite, into argillite with minute garnets and minute biotite 
spangles, fine-grained black quartzite graduating into coarser 
quartzite and conglomerate. The argillite is extremely corrugated 
and often cleaved, and observations of dip a rod from the contact 
are of no value as settling a question like this. 


3. The Williams Farm Section.—See maps 1 and ? and 
sections, figs. 3, 4,5. The long band of the rocks of the Ber- 
nardston series along the lower slope of the West Mountain 
has been brought into its present position by extensive dislo- 
cations and is plainly eut by two transverse faults which run 
approximately with the brook gorge north of the limestone and 
with the larger gorge of Fox brook half a mile south. The 
area between containing the fossiliferous limestone is the one 
here described. 

Passing up the hillside, back of Mr. Williams’s barn, the first 
bed and the upper one on the section (fig. 3) is a dark musco- 
vite schist, which is exposed in a single small quarry and sepa- 
rated by a depression which runs with the strike, and which I 
have supposed in the section to be occupied by the same schists 
and to have been formed by their erosion. The outerops are 
almost continuous across the quartzite and limestone which 
follow, to the second outerop of schist, where a similar depres- 
sion separates the latter from the second band of quartzite, 
which I have in like manner supposed to be oceupied by this 
schist. The thicknesses given in the section are, with this 
explanation, the result of careful measurement; and the eleva- 
tions taken with two closely agreeing aneroids, and referred to 
the sea level by means of the height of the railroad station 
at Bernardston, corrected so as to agree with Gen. Ellis’s survey 
of the Connecticut River. 


* This Journal, III, vi, 343. + Geol. N. H., ii, 433, 1887. 


268 B. K. Emerson—* Bernardston Series” of 


Section of the Williams’ Farm Rocks. 


1. Garnetiferous mica schist 

. Micaceous quartzite and conglomerate 
. Magnetite, maximum. 

. Limestone 


Fault 


Mica schist 

Quartzite and conglomerate if conformable with the 
mica schist 

The beds below the fault are a repetition of those above. 


a. The Argillite (tig. 3, A, west end).—Beginning nearly a 
mile northwest of the Williams house, and just north of the 
point where the road over West Mountain bends sharply west, a 
long ridge of the typical elaborately contorted argillite extends 
northerly. Going east a drumlin conceals its contact with the 
newer rock, and I have represented beneath the till a comfor- 
mable contact of the argillite and the quartzite as I have found 
it everywhere in the region. (See fig. 2.) 

b. The western outcrop of the mica schist.—W here the series 
outcrops for the first time after crossing the drumlin, a small 
area of the mica schist of this series has recently come to my 
notice. It is a garnetiferous mica schist, like the more eastern 
outcrops, and it lies plainly in a small synclinal of the quartzite. 
It lies ten rods south of the western of a row of great chestnuts 
which crown the hill. 

e. The western caposures of the quartzite.—The discovery of 
the schist just described makes plain the structure of these 
quartzite outcrops with their western dip. As they lie in a 
small synelinal the quartzite makes a corresponding anticlinal 
before reaching the outcrop of the mica schist. The rock is 
dark gray quartzite, at times conglomeratic, weathering very 
rough, with strike and dip very irregular and uncertain, with 
many slight slips and crushings, indeed, often completely 
brevciated and recemented with limpid quartz. Loeally it 
passes into a black siliceous slate by the microscopical develop- 
ment of biotite and the accumulations of coaly matter. A few 
scales of the former mineral can be seen with the lens. Going 
up the hillside from the limestone along the line of dip, two 
small ledges of the rock appear, as may be seen from the 
section, widely separated from each other, and from the rocks 
above and below. 

It is not difficult to find, among the less crushed portions of 
each ledge, pieces which agree exactly with the quartzite above 
the limestone, especially that which outcrops a few meters 
above the latter, and its peculiar appearance is largely due to 
crushing and infiltration of quartz. The same result is reached 
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by examining the quartzite ledges along the strike north and 
south from this point and comparing them with the “upper 
quartzite.” 

d. The mica schist west of the limestone.—This rock is a dark, 
even-bedded, muscovite schist, so fine grained as to be almost 
indistinguishable from the even-bedded varieties of the argillite 
below, with its glistening surface pitted here and there by 
minute hollows from which small red dodecahedral garnets 
have fallen out. It is abundantly marked by small bodies, 
which appear much like minute altered chiastolites just visible 
to the eye. The minute chiastolite-like forms prove to be 
made up externally of bands of quite large muscovite plates, 
each normal to the long sides of very impure biotite crystals, 
the latter placed transversely to the bedding of the rock. 
Under the microscope the rock shows a fine, scaly, colorless 
ground mass, dotted abundantly with coaly matter, and made 
up mostly of muscovite plates with some apolar matter, appar- 
ently opal. The constituents are a little larger than in the argil- 
lite, and the coaly matter less abundant. No kaolin could be 
detected. The mueli-tissured clear garnets are surrounded by 
a black band from the repulsion of the coaly matter, within 
which a broad decomposition band of chlorite in twisted scales 
appears which often extends nearly to the center. They con- 
tain large grains of quartz irregularly arranged. The biotite 
incloses garnet, and the muscovite forms caps around the garnet, 
and arranges itself symmetrically to the biotite, so the order of 
crystallization is very generally garnet, biotite, muscovite. 
The large amount of impurity in the biotite indicates that 
when it formed the rock was more carbonaceous than at 
present. Leucoxene occurs in yellowish white grains less 
abundantly than in the argillite 

e. Lault between the schist and limestone, d, fig. 2.—The bed 
last described dips under the limestone apparently, with the 
strike N. 70° E. and dip 25° to 35° E. But just opposite and 
northwest of the largest excavation in the limestone, and under a 
small apple tree where the schist seemed certainly to go under 
the limestone, and where Prof. Dana and the writer dug awa 
and followed it for six inches under the limestone, later 
had excavations made, having doubted the reality of the appar- 
ent conformable superposition, because the bed of limestone 
rested on the schist with abrupt transition and total want of 
continuity. I found the two rocks to be faulted against each 
other, the wall of the limestone bending under for a few inches 
and then going down vertically, and the schists, so flat in the 
exposures below, were here crumpled up sharply and ground 
into shapeless masses against the limestone. I followed the 
fault down more than a meter without finding the bottom of 
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the limestone, but found mingled in the crunched schist frag- 
ments of the chloritic rock, which lies below the limestone 
and is exposed in the bluff to the north. Ata later date I had 
further excavation made, uncovering the northern bluff where 
also the mica schist approached the limestone at its northern 
end, and I exposed here a zigzag fault line between the schist 
on the west and the black, magnetite-pyrite-chlorite-limestone, 
and below this with the white limestone itself, e on map, fig. 2. 
The fault plane is nearly vertical. The relation of the beds at 
this point are made plain by fig. 5. This latter excavation was 
made by direction of the United States Geological Survey. 

J. The Limestone.—The limestone which forms the center of 
interest of the section, is exposed in many old pits, extending 
from the bluff overlooking the brook, to the largest opening 
overhung by birches, where the rock is most fossiliferous ; and 
the line of outcrops is continued, by more scattered openings, 
farther southwest. It extends in all about 125 m. from 
northeast to southwest, that is along the line of strike. It is 
for the most part a coarsely crystalline, saccharoida) limestone, 
at times so coarse that cleavage pieces of calcite 8 centimeters 
across can be obtained from it. Below it is in thick beds with 
stratification mostly obliterated, while the upper portion, for 
about 2 meters, is thin-bedded, finer grained and micaceous. 
The rock contains some pyrite, which with the more abundant 
deposit of the same in the bottom of the quartzite, has been 
the source of the great amount of porous limonite, which fills 
broad veins and great cavernous spaces in the limestone. Its 
modern formation is attested by the rootlets changed into 
limonite enclosed in it. 

It makes a strange impression to turn over a mass of coarsely 
crystalline limestone, and find the weathered surface covered 
with Crinoid stems or Corals. In masses showing no trace of 
fossils, these are brought out equally well in thin sections ; and 
I have even observed a fragment of the shell of a Terebratula, 
preserving the punctate structure, the pores agreeing closely 
In position and measurement with those of modern genera. 

In the section fig. 4 all the fossils known are assigned to 
their proper horizon so far as known to me. I would especially 
note the fact, to which my attention was first called by Pro- 
fessor J. M. Clarke, that the line of division between the two 

aleontological horizons represented falls well down in the 
Eantins, and that the upper meter of the latter is thin bedded 
and wants the forms found below, while it carries the peculiar 
annulate crinoid stems found also very abundantly in the 
quartzite above. 

The shaly limestone is in places much fissured and cemented 
at times with veins 5-10™" wide of a completely granitoid 
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mixture of quartz and muscovite, the plates of the latter 
extending quite across the vein, while the cemented rock still 
shows abundant crinoid stems. The limestone contains : 


CaCO, 98°38 Fe,0,0%2 1-00 


g. The Magnetiie bed.—In the largest opening under the 
main group of birches the limestone for the upper three inches 
is impregnated with magnetite and the quartzite above this is 
fossiliferous. Following this boundary north 15 meters the 
ferruginous horizon swells out to a thickness of one meter and 
is here represented by a bed of porous limonite. At the same 
distance farther north it is a bed of fine-grained magnetite, 
often pyritous, and in one place garnetiferous, and nearly a 
meter thick. It is of limited extent, but furnishes blocks 
of ore not to be distinguished from Laurentian magnetites. 
Analysis indicates phosphorus as well as sulphur. 

A little farther north where the base of the quartzite is 
exposed over the thickest magnetite, it is a dark gray quartz 
schist, abounding in pyrite, much crushed, and the fissures 
covered with small fresh rosettes of gypsuim crystals, and with 
drusy crusts of a mineral of earlier formation, now much 
decomposed, which seems to be prehnite ; but from the small 
size (5™") of the crystals, and their altered state, they could 
not be certainly determined. The form of the erystals is 
peculiar, as if each were made up of half a dozen long square 
prisms bounded above by a dome and placed side by side, 
producing a form like a section of a thick saw blade. 

At the point where the magnetite is thickest—one meter— 
I exposed by digging, its contact with the limestone below and 
with the quartzite above, and found it to pass gradually into 
the white limestone below and to graduate above into a thick 
layer (20"™) of a compact grayish black rock, rusting red and 
glistening under the lens with fine biotite. Under the micro- 
scope it proved to be a granular limestone with regularly dis- 
seminated biotite scales, of so strong absorption that basal 
sections are opaque except in the thinnest portions, and then 
greenish brown. It is thus unlike all the micas of the region 
and perhaps is phlogopite. The mica is abundantly and regu- 
larly spread through the mass, exactly as in a whetstone 
schist. A single crystal of hornblende, little coaly matter and 
rust, the fragment of a punctate Brachiopod and the arm-piece 
of a Crinoid occur in the slide. This rock graduates into the 
black pyritous quartzite above ; all the beds are so entirely 
continuous, and undisturbed, that it is impossible to think 
of faulting, or any irregularity at the junction, any more than 
at the opening farther south under the birches, where the 
junction is equally undisturbed. The paleontological evidence 
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reinforces the stratigraphical for the continuity of the lime- 
stone and the quartzite. At its northern end, overhanging 
the brook in the most northerly digging, the magnetite layer 
is a black, magnetite-pyrite-chlorite rock. Fig. 4, and e, fig 2. 
This rock which caps the limestone contains amphibole, biotite, 
chlorite and little pyrite, magnetite and hematite, and an 
amorphous mineral resembling serpentine. The biotite is very 
dark colored in basal sections and in places changing into 
chlorite and passing at the edges into the serpentine-like min- 
eral. In the larger part of the section it has a fibrous 
structure the fibers grouped into large elongate patches, at times 
radiate and the whole resembling a fine hornblende schist. It 
is of oil-green color, shows only in patches a trace of dichroism, 
and with polarized light there is a faint predominance of 
extinction at about 3° from the long axis of the fibrous groups, 
which proceeds from the whole group; and this is overlaid as it 
were by the aggregate polarization of the serpentine-like mineral 
in fine scales and needles. An analysis made for me by Mr. G. 
H. Corey, of the class of ’88 in Amherst College, gave : 
SiO, 42°56, Fe,O, 44:25, CaO 13°11 = 99°92. 


The absence of magnesia from this analysis is puzzling, as the 
product of decomposition of the hornblende resembles ser- 
pentine strongly. It is possible that a highly ferruginous 
amphibole has developed in the magnetite-calcite bed and this 
has changed into a ferruginous mineral allied to chloropal. 

h. The eastern bed of Quartzite.—Under the birches, as repre- 
sented in the section, fig. 4, one meter of a thin, evenly lamin- 
ated, light gray quartz-schist caps the limestone, and is very 
rusty especially at the base, and porous from the amount of 
pyrite and calcite that has been removed. Two-thirds the way 
up a layer of about 10™ thickness is crowded with flattened 
and distorted casts of Brachiopoda and of annulate Crinoid 
stems; a large Spirifer, with septa like 8. disjuncta, is 
very abundant. Traces also of Rhynchonella and Orthis-are 
common, of Vuewla and Platyostoma rare, and the ringed 
Crinoid stems again very common. The material I have been 
able to obtain has been submitted to Mr. J. P. Whitfield and 
discussed by him in this Journal.* The fossiliferous bed is of 
very limited lateral extent, and I could trace it only about 
three meters. 

The next outcrops, 15 m. east, and about 2 m. above the bed 
just described, is a hard gray quartzose conglomerate, with 
white flattened quartz pebbles, 10-25" across. Under the 
microscope, the rock is seen to be made up of angular grains, 
with large cavities tilled with water, containing spherical 


* Vol. xxv, page 368, 1883. 


Metamorphic Upper Devonian Rocks. 273 


highly refringent globules with moving bubbles. It carries 
also carbonaceous matter in globules, magnetite, pyrite, a little 
hornblende and muscovite, which latter forms the partings 
between the pebbles. It resembles much more closely the 
quartzite described above, p. 268, c, than it does the rest of the 
quartzite above and below it. The quartzite continues very 
compact, vitreous and unevenly bedded for 20 m. down the 
hill, and in its upper portion carries garnets. It then becomes 
thin-laminated, separating into layers about 30"™ thick, which 
are, in fresh cross section, white to bluish vitreous quartz, and 
the surface of the plates is coated with muscovite. It is finely 
jointed, and the surfaces of the broad plates are somewhat 
warped, giving varying dips. Higher up it is cut by great 
veins of quartz, and in the last outcrop before reaching the 
upper schist it is again a compact quartzose conglomerate. 
The strike of the rock averages N. 60° E., but varies between 
N. 25° E. and N. 70°E. The dip is generally 30°-35° E. but 
varies from 25° to 50°. At the large quarry a single surface 
three meters square gave 25° above and 42° below. 

i. On the conformity of the Limestone and the overlying 
Quartzite.—Since the limestone, the magnetite band and the 
ferruginous quartzites immediately overlying the latter are 
visibly conformable, and all contain the same fossils as several 
times indicated above, there remained in this direction only 
one question unanswered, namely, what was the relation of the 
series exposed in the large quarry at the birches and mentioned 
in the last paragraph, to the quartz conglomerate with flattened 
pebbles exposed 15 meters to the east and thus to the whole 
mass of the quartzite. The latter seems much more metamor- 
phosed and it might be urged that a fault intervened between 
the two. On the other hand the conglomerate is typical of 
that extending from this point northeast to South Vernon and 
thence north nearly to Brattleboro, and the exact proof of their 
conformity would greatly enlarge the value of the limestone 
for fixing the age of the rocks. For this reason I had pits 
dug three meters apart from the top of the rusty quartzite to 
the nearest outcrop of the conglomerate to the east, and found 
the quartzite apparently continuous and no indication of any 
fault between the two. 

As this did not wholly settle the question I had a trench 
dug exposing the ledge the whole distance from the fossilif- 
erous quartzite to the conglomerate. It exposed a continuous 
surface of the black shaly quartzite for forty-seven meters and 
conglomerate for three meters, with strike N. 50° E., dip 40° E., 
and each layer dipped conformably beneath the succeeding one 
and the possibility of any fault was wholly excluded. See sec- 
tion 1. Fig. 3 and e, fig. 2. 
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j. The upper outcrop of the Mica schist.—This outcrop 
occurs 50 meters distant from the uppermost outcrop of the 
quartzite, in a single small ridge 40 meters long and 20 meters 
wide, with strike “N. 48° E. (41° to 51°) and dip 30° E. (25° to 
34°). Figure 3, east end. 

It isa dark gray fissile muscovite schist, splitting into thin 
slabs. Its surfaces are pimpled with small garnets and _ biotite 
erystals, or pitted by the cavities left when the crystals 
remained in the adjoining slab of schist; and it carries abund- 
antly small dark brown biotite crystals, long prisms with 
rounded angles and generally with their 
broad cleavage face at a large angle to the bedding plane of 
the rock, and so visible only as dull black lines on the latter 

lane, and as shining black scales when the slab is broken across. 
In tracing the same rock across the valley, still another curious 
uniformity of position was observed. The great majority of 
the seales lie with their flat surface, the face O, normal to the 
line of strike, and the longer diagonal, here ereatly elongated, 
parallel with the dip, a phenomenon entirely “comparable 
with the “stretching” of gneiss, and indicating a pressure and 
an incipient structure at right angles to the present one. 

Microscopically the rock shows exactly the same scaly coal- 
dusted mass, consisting largely of muscovite plates irregularly 
bounded, as does the schist adjoining the limestone, d, p. 269, 
only on a slightly larger scale. The biotite crystals are also 
bordered in the same way by a layer of larger and purer mus- 
covite scales, but not so constantly, nor is the layer so broad 
and regular. 

The mica crystals are true biotite (meroxene, P<), as proved 
by study of cleav age scales. Some slides show in abundance 
grains of opaque black ore with some grains partly changed to 
an opaque white ; others, in place thereof, are grains of exactly 
similar size and arrangement of an opaque yellowish white 
material; I judge therefore the former to be menaccanite, the 
latter leacoxene. Limpid dodecahedral garnets, magnetite and 
pyrite also occur. The only microscopic cal distinetion between 
the upper and lower schists is in the somewhat larger size of 
the constituents, and a slightly greater clearness of ‘crystalline 
texture in the upper, so that one can affirm more certainly the 
absence of any clayey matter. Macroscopically the upper 
schist is somewhat thicker bedded, of more uneven surface. 
A lens is hardly needed to see the muscovite scales on the 
surface of the slabs, and the biotite and garnet are conspicuous 
and abundant accessions, instead of being only minute and, in 
the case of garnet, also rare. 


4, The synelinal north of the brook in the Williams pasture. 
North part of map, fig. 2.— Within the area just described the 
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rocks dip mostly to the east, while north of the brook the strue- 
ture is decidedly different. A section east and west through 
the woods shows a great synclinal of the quartzite in the argillite. 

Following down the brook from the limestone to where the 
woods end and then skirting the latter for a few rods north 
to where the first wood road enters them, a little way in and 
at the first outcrop on the south side of the road, there is a 
well exposed contact of the argillite beneath and the quartzite 
above; strike N. 20° E., dip 20° W.; the argillite flat fissile, 
with few chloritized garnets; the quartzite a dark gray indu- 
rated sandstone becoming coarser higher up. The two beds 
seem to be plainly conformable. The argillite can be followed 
north to a point in the bluff opposite C. Frary’s house with 
uniform westerly dip beneath the quartzite, and on the west of 
the latter the argillite is found dipping easterly beneath it, 
though the junction is covered. I imagine this synclinal is cut 
off on the north by a fault along the bed of Fall river, but the 
rocks are covered here. Directly opposite the limestone across 
the brook the quartzite contains dodecahedral garnets 10 to 
11™ across, bordered by chlorite. 


5. The outcrop along Hox Brook to the south of the 
Williams section.—Behind the first house on the road over 
West Mountain, after leaving the village, there is seen from 
the road a bare bluff of blue till, and below this an outcrop in 
the brook of Triassic sandstone; twenty rods above, the quartz- 
ite rests conformably upon the argillite, which contains a few 
garnets just below the junction. It strikes N. 60° E. and dips 
20° E., and the boundary is thus pushed east by the whole 
width of the Williams section, though the fault which separates 
them can not be exactly located. 


[To be continued. ] 


Art. XXXVI.—On the Circular Polarization of certain 
Tartrate Solutions—Ill; by J. H. Lone. 


In the number of this Journal for October, 1889, I described 
certain peculiarities of solutions of potassium antimony tartrate 
when mixed with carbonates, borates, phosphates or acetates 
in amounts insufficient to produce immediate precipitation. 
The speeitic rotation of this tartrate is very high, being, (for 
C = 5) [a], = 141°-275. No other metallic tartrate approaches 
this rotation. It was shown in the paper referred to that the 
addition of sodium carbonate in small amount decreased the 


specific rotation to 55°°795, and this without precipitation of 
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the antimony. Other salts produced a marked decrease, but 
less than that by the carbonate. 

As a problem of chemical dynamics this phenomenon pos- 
sesses considerable interest as bearing on the general question 
of the nature of solutions, and I concluded to make it the 
special subject of an investigation, the chief points of which 
are given below. 


Experiments with sodium carbonate. 


For each test five grms. of the tartrate were dissolved in about 
70 cc. of water by aid of heat and then cooled to 20° C. or 
below. Definite amounts of the carbonate, pure and dry, were 
dissolved in water and added to the tartrate, the mixture being 
then diluted to exactly 100 c.c. at 20° C. By careful work it 
is possible to prepare clear solutions containing, with the five 
grms. of the tartrate, a gram, or more, of the anhydrous car- 
bonate. With much greater amounts precipitation usually 
takes place before the polarization can be observed. 

In the table below the solutions numbered 1 to 5 inclusive 
remained perfectly clear during several hours and were polar- 
ized in two to four hours after preparation. Numbers 6, 7 and 
8 became slightly turbid and finally deposited a precipitate. 
The rotations were observed after twenty-four and forty hours. 
In nearly all cases some differences were observed in the tests 
made twenty-four hours apart. Such differences became very 
plain when the first test was made as soon as possible after the 
preparation of the solution. In order to show this I made 
cold solutions of the tartrate and carbonate, brought them to 
20°, mixed and diluted quickly with the small amount of water 
necessary to make 100 ¢c.c. After gentle shaking, the mixture 
was poured into a 400" tube, kept at 20° by water, and polar- 
ized within five minutes. The results found were very singu- 
lar and interesting. They are given under numbers 9, 10 and 
11. The three solutions remained perfectly clear during 
several hours. At the end of twelve hours number 9 had 
deposited nothing, but after twenty-four hours an unweigh- 
able trace separated out. Number 10 deposited nothing until 
after twenty-four hours. Number 11 was clear during two 
hours but in twelve hours a precipitate settled out, leaving the 
supernatant liquid perfectly clear. In all the above cases the 
precipitate appeared very much less than called for by the 
equation : 
2KSbOCH,O,. H,0 + 


Analysis of the precipitate showed it to have the composi- 
tion given when dried at 100°. For the five grms. of the 


» 
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tartrate taken, 0°7982 grm. of the carbonate should be required 
for complete precipitation. Analysis of the supernatant liquid 
showed in all cases much of the antimony in solution. 

It was noticed that a slight elevation of temperature pro- 
duced a copious precipitation with escape of CO,, in cases, and 
to test fully the action of heat, solutions were made and mixed 
hot. The mixture was kept one hour on the water bath and 
then filtered, the cool filtrate being made up finally to 100 ce. 
at 20°. The results found in these tests are given below 
opposite numbers 12 to 18 inclusive. 


@p for com- 
plete pre- 
cipitation 

by Na2CQs. 


| 
| 
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25°°170 4°496grm. 27°:941 25°°132 
20°690 4°226 24°417 
16°628 3°482 20°764 12°853 
13°535 2°838 17°624 
10°250 2°023 13°607 3°767 

6°136 10°870 3°767 
689 3°767 
3°301 4°824 3°767 
25°582 


nee 


| 
| 


5-000 28°207 25°132 5 minutes. 
25580 «5000 28°207 25132 30 
24-480 «5000 28-207 25°132 12 hours. 
18620 5:000 28-207 12°853 5 minutes, 
17930 5-000 28-207 12°853 30 
16°670 4°716 26°814 12853 40 hours. 
11°570 28-207 5 minutes. 
11°500 5000 28:207 3767 10 
11°132 28-207 3767 25 
10550 28°207 3767 65 
10°339 3°569 21°188 3°767 12 hours. 
24°185 25°473 25°132 
10°500 15-245 12°53 

4°580 1°057 8908 

3°568 634 6°828 3°767 

3-495 ‘317 3°767 

3-495 3°767 

3°380 3°767 


4 
5 
9 
‘9 
9 
9 
9 


From the table, and more readily from the curve marked A, 
in which the ordinates represent rotations and the abscissas 
amount dissolved, it will be seen that with the inerease in the 
amount of carbonate added there is a decrease in the rotation. 
At first the decrease is nearly directly proportional to the 
amount of carbonate, but later, after the addition of enough to 
produce precipitation, the change in the rotation is less rapid. 
If we consider the first tests made with solutions 9, 10 and 11 
it will be seen, as shown by curve Bb, that the decrease in the 


| 
KSbOT _ for 
No. Na.UOs; ap in KSbOT + 
 KNal. 
10 
10 | 
10 
11 
11 
11 
11 | 
12 
13 | 
14 8 
15 | 10 
16 15 
17 2-0 
18 50 


278 J. H. Long—Polarization of Tartrate Solutions. 


angle of rotation varies regularly with the amount of added 
carbonate, the reaction not being at all obscured by precipita- 
tion. A molecular re-arrangement of some sort, undoubtedly 
an interchange of bases, must take place here. In the solu- 
tions prepared at the boiling temperature the decrease in the 
rotation is rapid until we pass the one containing ‘8 grm. of 
the carbonate, which is theoretically sufficient for complete 
precipitation. In the solutions with larger amounts of the 
carbonate the change in the rotation is slow, as shown in the 
curve C. In the fourth column of the table above I give the 
amounts of potassium antimony tartrate left in solution, as 
determined by precipitation of the antimony as sulphide, and 


| | 


calculated on the assumption that it is held as tartrate and not 
as antimonite or other compound. In column five are given 
the rotations calculated for these amounts of the antimony 
potassium tartrate plus that of the sodium potassium tartrate 
formed corresponding to the decrease in the other. In column 
six are given results caleulated on the assumpt‘on that the 
added sodium carbonate precipitates antimony in the propor- 
tion given in the equation above. On this assumption for 
solutions containing more than ‘7982 grm. of the carbonate the 
rotation should be that of the Rochelle salt equivalent to 5 
grms. of the antimony compound taken. In the values given I 
have not taken into consideration the slight decrease in the 
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rotation of Rochelle salt in presence of excess of sodium car- 
bonate. 

But the caleulated rotations approach those of actual obser- 
vation only in the cases of the solutions with 0-1 grm. of 
carbonate, and in those with very large amounts of the latter, 
observed after long standing or boiling. No simple relations 
can therefore be traced in this way, and it is evident that a 
part of the antimony must be held in solution in some other 
way than as tartrate. 

In mixing the solutions at a low temperature no precipitate 
was formed and no CO, given off. It is well known that the 
addition of acids to tartrate solutions decreases their rotation, 
wainly perhaps, from formation of bitartrate, and the idea 
suggested itself that this may be the action of the carbonie acid 
in the present mixture. An experiment tried with Rochelle 
salt after saturation with the gas failed to show, however, a 
lowered rotation. Slightly lower results were found by mixing 
the Rochelle salt with sodium bicarbonate. 

That an important reaction takes place in solution can, how- 
ever, be shown in another way. I prepared several solutions 
of the potassium antimony tartrate containing exactly 5 grm. 
in something less than 100 c.c. of cold water. To one of them 
a little litmus was added, after which a solution of sodium 
carbonate of exactly 2 per cent strength was run in froma 
burette. An alkaline reaction did not appear immediately, but 
the final change of color was not sharp enough for an accurate 
determination. Another solution was tried with phenol- 
phthalein, and here good results were found. In several trials 
between 74 and 78 c.c. of the carbonate solution were required 
for coloration. If the assumed equation of decomposition is 
correct, for 5 grms. of the tartrate we need practically 0°8 gram 
of the carbonate. This amount is contained in 40 ¢. ¢. of the 
solution used and it required nearly double that volume for 
coloration, which reaction suggests the formation of a_bicar- 
bonate if we bear in mind that such salts are neutral to 
phenol-phthalein. If it is also taken into consideration that in 
our titration a little gas is readily lost by agitation, it will be 
seen that practically the proper amount of alkali is added to 
complete the reaction above. From these tests it is apparent 
that a reaction between the tartrate and carbonate begins 
immediately on the addition of the latter, and also that the 
liberated CO, is held as bicarbonate or in other form with 
metal and neutral to the indicator. The following equation 
may express what takes place : 
2KSbOC,H,O, +2Na,CO, + 2H,O=2K NaC HO, +S8b,0,. + 

2HNaCO,; or =2KNaC,H,O, + 28bONaCO, +2H,0, 

Am. Jour. Sc1.—Tuirp Series, Vou. XL, No. 238.—Oor., 1890. 
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If we calculate the theoretical rotation from this equation 
much closer results will be obtained than are given in column 
six of the above table, where only half as much carbonate was 
supposed to take part in the reaction. These equations would 
suggest an explanation of the behavior of solutions 9, 10 and 11, 
on standing. We may suppose at first a condition of equilib- 
rium reached in which H NaCO, or SbONaCO, exists in solution. 
This equilibrium is destroyed by standing or by slight change 
of temperature so as to liberate CO, and permit the Na,CO, 
formed to react on a fresh portion of the tartrate, giving fur- 
ther reduction in the rotation. When the rotation finally 
becomes constant quite different amounts of antimony may be 
left in solutions of the same original strength, as shown in the 
fourth column of the table, opposite numbers 5 and 11. The 
amount of antimony finally precipitated and the rapidity with 
which it precipitates seem to depend to some extent on the 
mechanical agitation which the solution receives. 

Further light is thrown on the question of decomposition by 
the experiments next to be explained. 


Experiments with sodium acetate and phosphate. 


As I have before shown, acetates decompose the potassium 
antimony tartrate solution slowly in the cold but rapidly when 


heated. A solution containing 5 grms. of crystallized sodium 
acetate with 5 grms. of the tartrate in 100 e.c. gave, at 20°, 
a = 25°°745, while one with 10 grms. of the acetate gave 
a = 24°-676 instead of 28°:207. Later tests made with solu- 
tions mixed at the boiling temperature gave these results for 
the filtered solutions, represented by the curve D, where the 
abscissas have ten times the value they have in the others: 


In 100 c.c. 
Tartrate. Acetate, 


5 grms, 5 grms. 
5 10 
5 15 


These solutions were found to be strongly acid and by sub- 
jecting them to distillation I obtained a small amount of acetic 
acid. The precipitates were analyzed and were found to have 
the same composition as produced by the carbonate, viz: 
Sb,O,. H,O. The reaction taking place is probably this : 
2KSbOC,H,O,. H,O + 

2HC,H,0O,, 


As a further test I prepared a solution with 10 grm. of the 
acetate and 5 of the tartrate and heated it for one hour on the 
water bath. It was then filtered. The filtrate, after addition 


22°°125 
18°°140 
14°'892 
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of phenol-phthalein, was titrated with half normal KOH, of 
which exactly 30 ¢.c. was required to give color. This is the 
volume needed to neutralize the acid or precipitate the anti- 
mony of the last equation. The solution remained quite clear 
until about 12 ec. of the alkali had been added, when it be- 
came opalescent and finally turbid before the color reaction ap- 
peared. In an experiment with 5 grms. of the tartrate in pe 
solution without the acetate exactly the same amount of alkali 
was required for coloration, but an opalescence appeared im- 
mediately, and no actual precipitation occurred until all the 
alkali had been added. This experiment amounts, of course, 
to a titration of the tartrate : 


2KSbOC,H,O, + H,0. 


Finally, the experiment was varied in this way. 5 grms. of the 
tartrate and 10 of the acetate were dissolved and mixed at a 
low temperature. Phenol-phthalein was added and then alkali 
to coloration. Now, as before, 30 c.c. was required to give color, 
but the reaction took place in a different manner, as a _precipi- 
tate formed immediately and grew heavy as more alkali was 
added. This behavior seems to indicate that the antimony is 
held in a peculiar manner, partly at least, in the solution con- 
taining the acetate. Possibly a preliminary reaction is this : 


KSbOC,H,O, + 


the last being stable in cold dilute solution but decomposed by 
heat or alkalies, 


. H.0. 


If the above equations express the truth we can readily 
account for the polarization phenomena. In fresh solutions 
prepared in the cold the rotation is decreased because of the 
abstraction of a part of the antimony to form acetate. In the 
boiled solutions, or in those prepared cold, after long standing, 
the rotation may be still further reduced by the action of free 
acetic acid on the tartrate. Some results obtained with solu- 
tions of sodium phosphate are given below: 


In 100 ce. ap ap 
Tartrate. Phosphate. 3 hrs. 72 hrs. 
grms. 0°2 grm, cold. 27°°350 27°°345 no ppt. 
26°°700 26°°727 
25°°732 25°°690 
24°°755 24°°850 
boiled 21°°303 
19°-448 
11°502 


Or Or Ot Or Or Or Or 
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These results are illustrated by the curve E. The solutions, 
after boiling, were strongly acid. Several tests were made 
with borax solutions in the same manner. They gave tests for 
free boric acid while the precipitate formed had the composi- 
tion observed in the other cases. 

From a consideration of the behavior of the several mixtures, 
I think it is plain that the explanation of the decrease in the 
rotation must be the same for all cases. This explanation is 
one which at first sight would scarcely be expected because of 
the practical silence of the literature on the subject of carbon- 
ates, acetates and phosphates of antimony. The last two have 
been described as stable in some of the older works. If we 
may assume that in these combinations the metal is held as 
SbO’ the polarization phenomena can be readily accounted for. 
By mixing solutions of alkali phosphates, acetates, carbonates 
and borates with the tartrate in the cold there is probably first 
formed a temporarily stable antimony salt with corresponding 
amount of alkali tartrate. The observed rotation is due to this 
plus that of the unchanged potassium antimony tartrate. After 
decomposition by heat a small amount of free tartaric acid or 
bitartrate, with low rotation, must exist in the cases where 
acetic and phosphoric acids had been liberated in the reaction. 
In the solutions with large excess of carbonate the total anti- 
mony found probably exists in combination with sodium, the 
decomposing action of the carbonate being much greater than 
that of the phosphate, acetate or borate. 


Experiments with potassium ammonium tartrate. 


I have already shown that the rotation of solutions of potas- 
sium sodium tartrate is in general increased by addition of 
salts of potassium or ammonium and decreased by those of 
sodium and lithium. I have since carried out a similar 
investigation, using potassium ammonium tartrate as the 
active substance. This salt was freshly prepared from pure 
KHC,H,O, and NH,OU and erystallized. In the following 
table I give a few of the results obtained which illustrate all. 

20 grms. of KNH,C,H,0, in 100e.c. gave at 20° a = 24°-680, 
or [a]=30°°850, which is somewhat lower than the value given 
by Landolt. In presence of inactive salts the rotation is 
altered as here shown. 

In 100 c.c. with Deviation 
20 grms. tartrate. My [a]p in [a]. 
5erms. NHH,Cl 24°°525 30°°656 —0°194 
10 NH,Cl 24°480 30°00 —0-250 
5 KCl 24°-710 30°-888 +0°038 
10 KCl 25°°136 31°*420 +0570 
5 NaCl 23°°790 29°°963 —0°887 
10 NaCl 22°°806 28°°508 —2°342 
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The molecular rotation of the several tartrates which come 
into consideration here are, (from Landolt’s results and my 
own): 

K,C,H,0, 


2-4 
4 


= 64°-42 KNaC,H,0, = 62°34 
= 63°-04 KNH,C{H.0_ = 63°24 
Na,C,H,O, = 59°*85 NaNH,C,H,0, = 61°71 


On the general hypothesis of replacement in the tartrate mole- 
cule by excess of inactive salts these numbers show why the 
addition of NH,Cl should produce but a slight change, while 
that of NaCl must produce a much greater one in the rotation 
of NH,KO,H,O,. 

These results, like those obtained with the antimony com- 
pound, suggest the value of the polariscope method in the 
study of problems of chemical attinity. This method has been 
applied in a limited number of cases but the experiments 
above detailed indicate a direction in which it may be devel- 
oped. That a certain interval of time is necessary to complete 
these reactions, even where no precipitates are formed, is 
shown by experiments 9,10 and 11. The polariscope affords 
us a ready method, possibly the only method, of following 
these changes, which are of sufficient importance to merit 
further study. 


Chicago, July 10th, 1890. 
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Art. XXXVIIL—A Rapid metiod jor the Detection of 
lodine, Bromine, and Chlorine in presence of one 
another; by F. A. Goocu and F. T. Brooks. 


[Contributions from the Kent Chemical Laboratory of Yale College—V.] 


THE conditions under which iodine may be set free and sepa- 
rated quantitatively from hydrochloric and hydrobromic acid by 
the action of nitrous acid upon the acidulated solutions of the 
haloid salts have been recently studied in this laboratory.* 
We have endeavored in the work which is here described to so 
modify the quantitative process that the same principles of 
action may be applied rapidly and easily to the qualitative de- 
tection of iodine, bromine, and chlorine, without decreasing to 
too great a degree the delicacy of the indications. It was 
found in the work referred to that when sulphuric acid is 
added to the aqueous solution of a soluble chloride, bromide, 
and iodide, with care to keep the proportion of acid within 
certain limits and the dilution of the liquid sufficient, no very 


* This Journal, xxxix, 293, and xl, 145. 
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appreciable volatilization of bromine or chlorine takes place 
during the complete expulsion of the iodine by boiling. For 
the quantitative separation of the iodine of 0:5 grm. of potassium 
iodide from asolution containing 0°5 grm. of potassium bromide 
and 0° grm. of potassium chloride it was found best to use 
from 1 to 2 em’ of strong sulphuric acid, and to introduce into 
the solution, measuring approximately 700 em’ in volume, 0°5 
grm. of potassium nitrite, or its equivalent in nitrous fumes. It 
is obvious that work upon this seale is undesirable in rapid 
qualitative testing. For such purposes it is not a matter of 
‘moment that a portion of the substances looked for escapes 
the reaction, provided enough is left to furnish the indication 
sought. We planned, therefore, to attempt the separation of 
iodine from bromine and chlorine by applying the reaction 
just mentioned to small amounts of liquid in test-tubes, in the 
hope that the known losses of chlorine and bromine under the 
conditions would be proportioned to the strength of the solu- 
tion, or in other words, that when the amounts of bromine and 
chlorine were very smal] they would escape volatilization, or 
that when large a sufficiency would remain to give strong tests. 

The detection of the iodine is, of course, simple. We chose 
for this purpose the reaction with sulphuric acid and potassium 
nitrite. If the amount of iodine present is large it shows at once 
in this test, and the same portion may be treated further to sepa- 
rate the iodine. If the amount of iodine is small it may be 
found, as usual, by shaking the liquid with chloroform, or ear- 
bon disulphide or other appropriate solvent for iodine; or, 
in this case also, the portion under test may be utilized, if it is 
desirable, for the separation of the iodine, and for the detection 
of this element recourse may be had to the exposure of red 
litmus paper to the fumes of the boiling solution according to 
methods prescribed in the work referred to above upon the 
quantitative separation of the iodine,—the paper taking on a 
gray blue color when exposed to very minute traces of the 
vapor of iodine, and a proportionately deeper color as the 
amount of iodine increases, After the iodine is separated, bro- 
mine and chlorine are easily found if present. We selected as 
the most available method for detecting bromine the action of 
sodium hypochlorite upon the acid solution and shaking with the 
proper solvent. or the detection of chlorine we make use of 
a modification of the well known chlorochromic anhydride test. 

‘As a preliminary step to the investigation of the reliability 
of our method of separating iodine from bromine, tests were 
made, for the purpose of securing definite points of compari- 
son, upon the degree of delicacy of the hypochlorous acid test 
for bromine. In these tests measured amounts of a solution of 
potassium bromide were drawn from a burette into test-tubes. 
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To each portion were added a few drops of sulphuric acid, the 
liquid was diluted with distilled water to the level of a mark 
upon the tube indicating a volume of 10 em’, 0° em* of 
chloroform, or of white carbon disulphide were introduced, and 
the whole was shaken after the addition of a drop of a dilute 
solution of sodium hypochlorite. The results of these tests are 
as follows 


Color test 
KBr Total Ratio of KBr Color test In carbon 
taken. Volume. to total volume. in chloroform. disulphide. 


0°0010 ; 10 em.* 1: 10000 Strong. 

0°0005 10 1: 20000 Pronounced. 

00004 10 1: 25000 Pronounced. Strong. 
0°0003 10 1: 33000 Faint. Pronounced. 
90002 10 1: 50000 Trace. Faint. 
00001 10 1: 100000 Doubtful. Trace. 
0°0001 10 1: 100000 None. Trace. 
0°00007 10 1: 140000 Doubtful. 
0:00007 10 1: 140000 Doubtful. 
0°0004 5 1: 12500 Strong. 

0°0003 5 1: 16000 Strong. 

00002 5 1: 25000 Pronounced. 

0:0001 5 1: 50000 Trace. 

0°00007 5 1: 70000 None. Faint. 
000003 5 1: 140000 Doubtful. 


From these results it is plain, as Fresenius has pointed out, 
that clear white carbon disulphide is the more sensitive reagent, 
the delicacy of the test extending distinctly to one part in fifty 
thousand when chloroform is the solvent for bromine and to 
one part in one hundred thousand when carbon disulphide is 
employed. 

In the following series of tests the bromide was subjected to 
the same treatment which it must undergo were iodine actually 
present and expelled as we proposed. To the solution of the 
bromide in a test-tube were added a few drops of dilute sul- 
phurie acid and a few drops of a solution of potassium nitrite. 
The liquid was boiled, cooled, and treated with sodium hy- 
pochlorite as in the former tests, excepting that even after 
boiling for some time it was found to be necessary to introduce 
more of the hypochlorite than before to overcome the nitrous 
acid remaining in solution and to set free the bromine. 


KBr Total tatio of KBr Color test in 
taken. Volume. to total volume. Carbon disulphide. 


00010 grm. 10 1: 10000 Strong. 
0°0005 10 1: 20000 Pronounced, 
0-0004 10 1: 25000 Pronounced. 
0:0003 10 1: 33000 Faint. 
00002 10 1: 50000 Faint. 
0:0001 10 1: 100000 Doubtful. 
000007 10 1: 140000 None. 
0°00007 5 1: 76000 Trace. 
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Evidently the presence of nitrous acid and the treatment by 
boiling do not interfere seriously with the delicacy of the test. 
The experiments of the following series were made similarly 
excepting that potassium iodide was added in varying amount 
to the solution of the bromide. In these tests a spiral of pla- 
tinum wire was introduced into the test-tube to prevent too 
violent ebullition, and at intervals during the boiling the nitrite 
was added in solution, drop by drop, until the iodine was en- 
tirely expelled, care being taken to add a little more sulphuric 
acid toward the end of the separation to ensure completeness 
of action. The colorlessness of the liquid in the test-tube after 
this treatment is a fair indication of the entire expulsion of 
iodine, but when large amounts of bromide are present free 
bromine will color the liquid. Salts of iron or other substances 
which possess color naturally interfere likewise. In such cases, 
and indeed in all cases, the action of the escaping steam upon 
red litmus paper is decisive. In the experiments here recorded 
this test was applied to determine the absence of iodine from 
the liquid. The residue after the expulsion of the iodine was 
treated as usual with sodium hypochlorite and shaken with 
carbon disulphide. 


KI KBr Total Ratio of KBr Color in 

taken. taken. Volume. to total volume. Carbon disulphide, 
0°1000 grm. 00010 grm, 10 cm.* 1: 10000 Pronounced, 
071000 00004 10 : 25000 Pronounced, 
0°1000 0°0003 
071000 00002 
0.1000 0°0002 
0.1000 0°0001 
0°0500 0°0005 


33000 Pronounced. 
50000 Faint. 
50000 Faint, 
100000 None. 
20000 Pronounced. 


33000 Pronounced. 
50000 Faint. 
100000 None. 
70000 Trace, 
70000 Trace. 


00300 0:0003 
0-0200  0°0002 
00100 0:0001 
0°1000 0°00007 
00070 0-00007 
These results indicate obviously that although the bromine 
is volatilized to some extent with the iodine it is nevertheless 
the case that the proportionate amount of bromine removed is 
dependent upon the absolute amount present, and that enough 
bromine always remains to permit correct inference as to the 
quantity originally present, the color test being more or less 
marked according as much or little bromide was in the solution 
at the start. The delicacy of the test is a trifle less than that 
in which the bromide is alone present and not subjected to the 
treatment which we employ to remove iodine, but the detection 
of one part of potassium bromide in fifty thousand is certain, 
and that of one part in seventy thousand possible. _ It appears, 
furthermore, that the increase in the amount of iodine 
present is without effect upon the sensitiveness of the test ; for 
the bromine in 000007 grm. of potassium bromide was as 


] 
1 
1 
i: 
0°0400 0:0004 L: 25000 Pronounced. 
. 
i: 
l 
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easily found in the residue remaining after the expulsion of 
the iodine from 0°1 grm. of potassium iodide as in that left 
after the expulsion of the iodine from 0°0070 grm. of the same 
salt, and the indications in the experiments in which the ratio 
of the iodine to the bromine remained the same while the ab- 
solute amounts of both varied are precisely the same as those 
of the experiments in which the maximum amount of iodine 
remained unchanged throughout the variations in the amount 
of bromide used. The maximum amount of potassium iodide 
employed in these tests was 0:1 grm., but there is no reason to 
suppose that this amount is not far below the maximum which 
may be successfully handled in this process. 

For the detection of chlorine we modified the well-known 
chlorochromie anhydride process so that the distillation may be 
performed in an ordinary test-tube. The substance to be tested 
is, if solid, placed in a large test-tube—15™x2™ is a good size 
—and treated with sulphuric acid and potassium dichromate in 
the manner to be described. The substance, if a liquid, is ren- 
dered alkaline, if necessary, by sodium carbonate and evapo- 
rated to dryness in the test-tube with care to remove all mois- 
ture from the sides of the tube. This operation is effected 
without trouble if the tube is inclined, as much as is possible 
without spilling the liquid, and agitated continually while the 
flame is applied to the higher parts The evaporation effected, 
a little powdered potassium dichromate is introduced through 
a funnel with care to prevent its touching the upper parts of 
the tube, two or three cubic centimeters of strong sulphuric 
acid are added, and a trap consisting of a straight two-bulbed 
drying-tube cut off. about an inch from the large bulb is hung 
in the mouth of the test-tube, the precaution having been first 
taken to moisten the interior of the bulbs with water without 
wetting the wide, straight portion which hangs within the test- 
tube, If a chloride is present the evolution of chlorochromie 
anhydride begins as soon as this sulphuric acid touches the dry 
salts in the bottom of the tube, and gentle heating, with a little 
agitation, quickly completes the evolution of the chlorine com- 
pound. It is the function of the moisture in the bulbs to de- 
compose the fumes of the chlorochromic anhydride and to re- 
tain the chromic acid thus produced. When more than a mere 
trace of chlorine is present the yellow drops produced in the 
moistened bulbs are, in the absence of a bromide, sufficiently 
indicative of the presence of chlorine in the original substance, 
but the delicacy of this test is much increased by washing out 
the bulbs with a little distilled water and adding to the solu- 
tion, as Wiley recommends,* a few drops of a solution of lead 
acetate, which precipitates the yellow chromate or intensifies 
the color of the solution according to the amount of chromic 


* Am. Chem. Jour., ii, 248. 
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acid acting. It often happens, when the temperature of the 
liquid in the test-tube rises a little higher than need be, that 
fumes of sulphuric acid pass into the bulbs to such an extent 
as to produce a white precipitate of lead sulphate when the 
lead acetate is subsequently added. In such eases the lead sul- 
phate is easily dissolved by the addition of a little ammonic 
acetate in saturated solution, and gentle heating, and, on cool- 
ing, the yellow chromate is either precipitated or simply colors 
the liquid. It is advisable, however, as our experience proved, 
not to employ more of the ammonic acetate than the occasion 
requires, as it undoubtedly exerts some solvent action upon the 
lead chromate as well as upon the sulphate. 

We proceeded to test in the manner, described the applica- 
bility of this process by first testing the action upon solutions 
of pure potassium chloride. 

KCl taken. Final volume. Reaction obtained. 

0°0030 Gems Marked precipitation. 

0-0020 Marked precipitation. 

0°0010 Distinct precipitation. 

0°0005 Distinct color. 

00004 Faint color. 

00003 Faint color. 

0°0002 Faintest color. 

0°0001 Doubtful. 

0°0001 None. 

0°0001 None. 
It appears, therefore, that the chlorine in 0:0005 grm. of potas- 
sium chloride is found certainly, and that indications of chlo- 
rine in amounts of the chloride ranging as low as 0-0002 grm. 
are fairly evident in tests made upon the pure substance taken 
in solution, evaporated, and treated as described. 

The effect of submitting the solution of the chloride contain- 
ing also a known amount of potassium iodide to the process 
previously described for liberating the iodine, of then neutral- 
izing the solution with sodium carbonate, evaporating to dryness, 
and treating with sulphuric acid and potassium dichromate, is 
shown in the following record. The potassium iodide used in 
these tests was prepared free from chlorine by the action of 
resublimed iodine upon iron wire and subsequent treatment 
with pure potassium carbonate. The nitrite was freed from 
chlorine by adding to its solution a little silver nitrate, faintly 
acidulating with nitric acid, and filtering off the chloride pre- 
cipitated with a small amount of the nitrite. 


aac»gagn co oe co 


KI taken. KCl taken, Final volume, Reaction obtained. 
0-1 grm. 0°0020 grm. 5 em.3 Distinct precipitation. 
0:0010 5 Distinct color, 
, 0°0005 5 Faint color. 

0°0004 Faint color 

0°0003 Faintest color. 

0°0002 5 Faintest color. 

0°0001 é None. 
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The distinctness of the color obtained in this process seems 
to be diminished a little by the process of liberating the iodine, 
but the lowest reach of the test is not very materially different 
from that made upon the pure chloride. In the following sim- 
ilar tests made with mixtures containing beside the chloride 
potassium bromide alone, or the bromide as well as iodide, the 
phenomena observed were the same, excepting that the fumes 
of the bromine evolved when much bromide is present rise 
with the chlorochromie anhydride and, dissolving in the film 
of moisture in the trap, give to it their own characteristic color, 
and so obscure the effect of chromic acid. in these experi- 
ments, therefore, the washings of the bulbs were first rendered 
faintly ammoniacal and gently heated to destroy the free bro- 
mine, and then the solution was acidified with acetic acid and 
tested as described with lead acetate and ammonium acetate. 


KI taken. KBr taken. KCl taken. Final volume. Reaction obtained. 
071 grm. 0°0030 grm. 5 Marked precipitation. 
0° 0:0020 5 Distinct precipitation. 

0°0010 Distinct color. 

0°0005 Faint color. 

0°0005 Faint color. 

0:0004 Faintest color. 

0°0003 Doubtful color. 

0:0002 Doubtful color. 

0°0001 None. 

0:0010 Distinct color. 

00010 Distinct color. 

0:0010 Distinct color. 


oc mo 


or 


0 

0° 
0°: 
0° 
0 

0: 
0: 
0: 
0° 


The evolution of considerable amounts of bromine appears, 
therefore, to diminish the delicacy of the test in some degree, 
but 00005 grm. of chlorine—the amount in 0:0010 grm. of po- 
tassium chloride—is indicated unmistakably in the presence of 
0°1 grm. of potassium bromide, and 0:1 grm. of potassium 
iodide, and the test may probably be relied upon to show half 
that amount of chlorine. The potassium iodide, as already 
mentioned, was specially prepared for the work, and contained 
in the amounts which we used no recognizable trace of chlorine. 
The potassium bromide contained of chlorides enongh to show 
an indication in 0°5 grm. of the salt. We were unable to find 
the chlorine in 0°2 grm. of the salt, and so considered it safe 
to employ half this latter amount in our experiments as being 
sufficiently free from chlorine for the purpose. 

The process which we propose for the rapid qualitative de- 
tection of the halogens in presence of one another may be sum- 
marized briefly, as follows: 

To detect iodine, the solution of the substance under exami- 
nation is acidulated with dilute sulphuric acid and treated with 
a drop or two of a solution of sodium or potassium nitrite free 


| 
| 
| 
| 
| 
| 
| 


290 Gooch and Brooks—Rapid method for Detection, ete. 


from chlorine. Unless the amount present is small, the iodine 
shows itself in the color of the solution and in the vapors which 
escape. Small amounts may be found by shaking the liquid 
with carbon disulphide in the usual manner, or, when economy 
of material is desirable, by gently heating the prepared solu- 
tion and testing the escaping fumes with red litmus paper, 
thus utilizing the same portion of material for the detection of 
the iodine and for its separation preparatory to testing for 
bromine and chlorine. 

To remove the iodine previous to making the tests for bro- 
mine and chlorine, a few drops of dilute sulphuric acid and a 
like amount of a dilute solution of sodium or potassium nitrite 
(prepared free from chlorine as described) are added to the solu- 
tion of the substance in a test-tube, and the liquid is boiled 
with constant agitation. When the color of iodine disappears 
from the fumes and the solution, a drop or two more of sul- 
phurie acid, and of the nitrite, are again added, and the boiling 
is repeated. When the escaping steam no longer gives to red 
litmus paper the characteristic gray blue color due to the 
action of iodine, the process of separation is complete. 

A portion of the solution thus prepared is tested for bromine 
by cautiously adding a dilute solution of sodium hypochlorite 
and shaking with colorless carbon disulphide. 

The test for chlorine is made in a second portion of the solu- 
tion from which the iodine has been removed. The liquid is 
neutralized with sodium carbonate or hydrate free from chlo- 
rine, evaporated to dryness in a test-tube and treated as de- 
scribed with sulphuric acid and potassium dichromate, the 
fumes of the chlorochromie anhydride which arise on gentle 
warming being condensed and converted to chromic acid b 
the film of moisture upon the interior walls of the trap. 
The trap is washed out with a very little distilled water (5 em.° 
are enough), and the washings made slightly ammoniacal to de- 
stroy free bromine, if necessary, and after gentle warming 
again acidified, are tested with lead acetate. If the yellow 
cliromate is precipitated the presence of chlorine in the origi- 
nal substance is proved. If the precipitate is white, as is very 
likely to be the case, a few drops of a saturated solution of 
ammonium acetate are added with caution, and the whole is 
gently warmed to dissolve the white sulphate. On cooling the 
solution and shaking (or immediately if much chromic acid has 
been formed), the yellow chromate falls, or gives color to the 
solution aecording as the chloride was originally present in 
large or smal] amount 

The process is rapid and sufficiently exact for qualitative 
testing in general. 


I 


W. H. Melville—Metacinnabarite from California. 291 


Art. XXX VIII.— Metacinnabarite from New Almaden, Cal- 
ifornia ; by W. H. MELVILLE. 


AN excellent specimen of metacinnabarite was recently 
found in the quicksilver mine at New Almaden, Santa Clara 
County, California, and a portion of it was given me for ex- 
amination. Metacinnabarite was never before known to occur 
in these deposits, although in neighboring cinnabar localities 
the amorphous mineral has been met with. This specimen 
carries finely developed and brilliant erystals which are admir- 
ably adapted for measurement on the goniometer. 

n the ore seam where cinnabar has been deposited, there 
appears an argillaceous mass which has resulted from sediments 
derived from the decomposition of the country rock by sol- 
fatarie action. This mass is not homogeneous but consists of 
gray and green particles, the former evidently a mixture of 
clay and partially decomposed rock constituents with a small 
amount of carbonates, the latter a silicate the composition of 
which is shown in the following analysis. 


Analysis of the Green Silicate. 


98°28 


In justice to these figures it should be said that only 0°1225 
gram of substance could be obtained in sufficient purity for 
study, and the little impurity which this sample contained 
could not be removed by Thoulet’s solution; also alkalies could 
not be determined. 

Throughout this sheet of soft argillaceous matter, or selvage, 
large quantities of metallic quicksilver easily seen by the 
naked eye are distributed, and bright red cinnabar often deeply 
coloring small areas of quartz has erystallized. Cinnabar is 
found mainly deposited on this selvage—on the specimen at 
hand about an inch thick—intimately mixed with quartz, thus 
forming a hard compact mass upon which have grown cinnabar 
crystals, and these in turn are coated with minute quartz crys- 
tals. To this quartz the acute apex of the metacinnabarite 
crystal is attached and consequently is always broken. The 
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genesis of this metacinnabarite was certainly subsequent to the 
deposition of the cinnabar, and groups of flat rhombohedrons 
of white semi-transparent calcite appear to have formed at the 
same time. Crystallized dolomite is common among the ores 
of New Almaden and to this a fibrous silicate, undoubtedly 
chrysotile, firmly adheres. Fine bluish opal and occasional 
spangles of pyrite complete the list of associated minerals. 

One other brittle substance was discovered while picking 
out metacinnabarite for analysis. It forms almost perfect 
spheres of a brilliant black color, which volatilize at a high 
temperature in yellowish vapor with a strong bituminous odor. 
The substance is organic matter and curiously mercury does 
not enter into its composition. These spheres can be detected 
under the microscope imbedded in the faces of the crystals of 
metacinnabarite (fig. 2.) and some were obtained by sharply 
rapping the specimen. | 

The rather low specific gravity of metacinnabarite is thus 
accounted for in part. Again the presence of minute particles 
of quartz was unavoidable, and therefore the given value was 
also influenced to a slight extent by this cause. The crystals 
used for the determination of the specific gravity contained 
far less impurity than is recorded in the analysis which follows. 
The specific gravity was in two cases 7095 and 7-142, or mean 
=7°118 almost identical with that of guadalcazarite, 7°15. 


Analysis of Metacinnabarite. 
At. Ratio. 
0°855 
corresponding=12°48 0°7801 
0°34 00218) 
0:0277 +0 
0°0054 J 


Residue, quartz “f S found 
Volatile organic matter - -- - 


For analysis 0°6237 gram of substance was available, and 
both the qualitative and quantitative study proceeded contem- 
poraneously. The small errors of analysis are distributed 
between the sulphur and organic matter, where the sulphur is 
as usual a trifle too high An uncertainty naturally exists in 
the determination of the organic matter. Selenium was looked 
for but its presence failed to be established. 

The crystals belong to the rhombohedral system (Miller) and 
consist of two poles differently modified. The following 
forms were observed : 


13.35 
99°26 
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Analogue Pole. 
Miller Bravais-Miller. Naumann, 


(h kl im) 
Positive hemi-rhombohedron #100) «(1101) 
Negative rhombohedron K(332) K(O954) 
Hemi-sealenohedron -. «(211) 


Antilogue Poie. 


Negative hemi-rhombohedron. - - 

Hemi-scalenohedron 

Hemi-scalenohedron _ K(26, 
Angle of axes (Miller)=118° 117 20’ 
Axial ratio c: a = 0°2372: 1 (Naumann). 


Measurements, 


Measured. Calculated. 
111.100 
100 4010 
100 211 
94° 10” 36” 
94 33 
96 17 
119 28 


33, 
33, 
33, 


bo 


The poles of the scalenohe- 
drons in the negative hemi- 


sphere almost belong in the zone 
circles passing through any two 
poles of the negative rhombo- 
hedron, therefore, as shown in 
the figures the planes of the for- 
mer do not exactly bevel the 
terminal edges of the latter. 
The faces of the former 
x(26, 15, 12) are tectonic and con- 
tain series of re-entering angles 
(fig. 2) which indicate the build- 
ing up of that portion of the 
erystal rather than twinning. 
Otherwise striations are absent, and owing to the brilliancy of 
the plane surfaces sharp reflections of the signals on the goni- 
ometer were obtained. Fig. 2 was drawn with the aid of 
cross-hair and graduated stage of the microscope and in such 
position that the face (33, 17, 17) is parallel to the plane of pro- 
jection. The following plane angles were read: a=86° 20’, 
3=82°45, y=89, d=85° 30’, 7=24°. The relations of these 
angles with the elements of the crystal have not been made 
out. With the exception of x(332) all the observed forms are 


,) *(50, 50,0, 1) 50e:1: 1:0 
) 46, 2,1) 48e:1: $4: 24 
) «(41, 38,3, 1) 40:1: $4; 42 
17, 17431, 2 6 
was, 3 55 
Fig. 1. Fig. 2. 
A, 
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represented in fig. 1, and actually occur on one crystal with 
equal regularity. Fig. 2 is the combination of x(111) with the 
plains of the antilogue pole tabulated above. The distances of 
the poles of all the rhombohedral faces from the pole of (111) 
were measured on the same crystals and no doubt can possibly 
exist as to the system of crystallization. Viewed as they are 
implanted on the rock, the crystals present much similarity to 
tetrahedrons, but examination shows that the face of the nega- 
tive rhombohedron in combination with the basal plane forms 
an isosceles and not an equilateral triangle. Besides_ the 
measured angle 8=82° 45’ the plane acute angle of (33, 17, 17) 
=14° 29’ 40” was calculated from the fundamental angles. 
The erystals vary in length from 1:24"™ to 2°3™ and in width 
from 0:59™" to 0°97"™"; possess a high metallic luster, black 
color, black streak with slight reddish tinge ; are brittle with 
hardness about 2 ; and give the reactions for zine and sulphide 
of mercury. 

This mineral I consider metacinnabarite since the atomic 
ratios give a very improbable formula. Its specific gravity is 
much below that given to the species by Mr. G. E. Moore* 
770—7-75 for the reasons stated above. On the other hand its 
somewhat close reseniblance to guadaleazaritet in chemical 
and physical properties—for Castillo mentions rhombohedral 
erystals of this mineral—might point to its identity with this 
species. But it must be acknowledged to be metacinnabarite 
in composition with a small percentage of impurity of other 
sulphides such as would be naturally expected on precipitation 
and crystallization from solution. Again the crystals of 
metacinnabarite, many of which I have examined from local- 
ities in California as far back as 1882, are very indefinite and 
although they appear to be rough cubo-octahedrons, might 
really consist of the combination of basal plane and rhombo. 
hedron. Mr. S. L. Pentieldt has described metacinnabarite 
crystals from California, and determines them to be hemihe- 
dral isometric forms. One measurement is there given, viz: 
322 322=86° of three) which approximates the 
angle (itl) (38, 17, 17)=85° 50’, the supplement of which 
appears in the table above. _ It is possible that these two planes 
may form the combination I have indicated. No angle occurs 
on ery: stals in my possession near that of 2114 112=33° 15’ to 
36° 54’ which Mr. Penfield found. It is barely probable that 
metacinnabarite is dimorphous. If it should happen that bril- 
liant crystals of metacinnabarite from the Knoxville quick- 
silver district should be found, I firmly believe that their habit 


* Dana’s Mineralogy, App. I, 10. + Ibid, App. IT, 25. 
¢ This Journal, June, 1885, p, 452. 
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could be reconciled with the symmetry of the crystals from 
New Almaden, the southern district. 

It is through the kindness of Mr. Waldemar Lindgren of 
the U. S. Geological Survey and Mr. F. Von Leicht, the super- 
intendent of the New Almaden quicksilver mines, that the 
material was available for this study. 

Laboratory U. S. Geological Survey, Washington, D. C., June, 1890. 


ArT. XXXIX.—On the Keokuk Beds at Keokuk, Iowa; by 
C. H. Gorvon. 


THE exposed area of the Keokuk Beds is nowhere extensive. 
Their relations to the adjoining beds—the Burlington below 
and the St. Louis above—are everywhere marked by strict 
conformity, their separation being based solely upon lithologi- 
eal and faunal distinctions. Of these, the faunal characteris- 
ties especially are of such a nature as to mark this formation 
as one of the most important of the Lower Carboniferous 
group. The exposure at Keokuk is limited, being entirely due 
to the erosion of the Mississippi river and its small tributaries. 
Along the borders of these the limestone of the lower division 
usually presents a bold and smooth escarpment. 

Outside of the Keokuk region where the beds were first 
studied, the most notable exposures occur at Crawfordsville, 
Indiana, and in southwestern Missouri. At the former locality 
they are 280 feet thick with a distinctively crinoidal and mol- 
lusean fauna.* In Missouri they contain valuable deposits of 
lead. 

The general dip toward the south and west carries these beds 
from sight just below the mouth of the Des Moines, but a 
change of dip again brings them to view in the vicinity of 
Quiney, Il., and at other places to the south. In some cases 
their appearance is due to faulting. 

At Keokuk these beds consist of two well-defined divisions 
—the Lower or Caleareous and the Upper or Geode division. 


Il. Geode Bed or Division. ; 

13. Fine, blue sandy layer. Crinoid bed No. 3. Resem- 
bles the arenaceous layers of the crinoid bed at Craw- 
fordsville, Ind. Seldom seen. Seventeen species of 
Poteriocrinide, Batocrinus laguneulus Hall, B. inter- 
medius W. and §., B. similis Hall, B. originarius W. 
and 8., B. mundulus Hall, Taxocrinus Worthent Hall. 
Thickness 


* American Geologist, vol. ii, p. 407. 
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. Soft, gritty shale, readily decomposing on exposure to 
atmospheric influences. Filled with geodes varying in 
size from one to four inches in diameter, Thickness--_15 ft. 

11. Shales, more calcareous, with occasional bands of lime- 


1 


bo 


stone. Geodes fewer but larger. Thickness 20 ft. 

10. Limestone, hard, in thin variable layers. Thickness .--.. 2 ft. 
9. Dark blue argillaceous shale. Contains no geodes. 


I. Calcareous Division. 


8. Limestone, light gray, changing to light brown or yellow 
on exposure. Crinoid bed No. 2, sometimes called the 
Dorycrinus bed. Batocrinus Nashville Troost, B. . 
biturbinutus Hall, Dorycrinus Mississippiensis Roemer, 
Agaricocrinus Worthenit Hall. A. Americanus, var. 
? Barrycrinus tumidus Hall, Archimedes Oweni- 
Lenticular layers, prolific in erinoids, are sometimes found in- 
tercalated between 7 and 8. 


7. Hard blue limestone; layers thin. Thickness-- .--. 3 to 5 ft. 
6. Heavy dark blue limestone with nodules of chert. Fish 
ee 2 to 4 ft. 


5. Blue subcrystalline limestone in layers 6 to 12 inches 
thick, alternating with similar layers of shales. Single 
valves and casts of Spirifer Keokuk Hall, abundant. 

4, White or light gray massive limestone called White 
Ledge by the quarrymen. Fish bed No. 1. Thickness. 4 ft. 

At this point the partings frequently contain ‘crinoids, while in 
some places a thin crinoidal layer is found resting upon the roll- 
ing cherty surface of the layer below. Actinocrinus, Agarico- 
crinus Americanus Remer, Barycrinus magister Hall, ete. 

3. Impure shaly limestone with occasional bands of chert. 
Contains pockets of calcite in large beautiful crystals. 

2. Light gray comparatively soft limestone. Crinoid bed 
No.1. Speciesnumerous. Agaricocrinus Americanus 
Reemer, also two varieties. <Actinocrinus pernodosus 
Hall, A. Zowei Hall, Batoerinus lagunculus Hall, 
Platycrinus Saffordi. Thiekness.-....--.--- 6 in. to 1 ft. 

1. Massive blue or drab suberystalline limestone. Occa- 
sional specimens of fish teeth belonging to the genus 

The parting between this and the beds below filled with stems 

and joints of Eucladocrinus. 


Transition Beds. 


Limestone in thin layers; cherty. Thickness exposed 6 ft. 
Platyceras fissurella Hall, P. equilatera Hall, Palecis obtusus M. 
and W., Batocrinus planodiscus H., ete. 
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The Caleareous division consists of forty to sixty feet of 
limestone in layers varying from three inches to four feet, and 
separated by one to six inches of clay or shale partings. The 
thicker beds and those furnishing the best building stone 
oecur in the lower portions of the division. One of these (No. 
4), a very pure white. subcrystalline layer from three to four 
feet thick, called the White Ledge by the quarrymen, supplied 
the stone for the noted Mormon temple at Nauvoo. Another 
lower bed, separated from the White Ledge by six feet of 
shale and rotten limestone, sometimes furnishes an equally 
good if not better stone for general use. Below this the layers 
of the transition beds are thin and abound in chert. 

Cherty bands occur at various intervals throughout the 
division. They have a coneretionary strueture, and vary in 
eolor from a dark drab to white, though usually more or less 
mottled. They are sometimes quite prominently discolored 
by ineluded fossil fragments. The limestone layers often 
become cherty above with an uneven rolling surface. The 
more important chert masses have the general appearance of a 
sedimentary deposit. Nodular masses, however, frequently 
occur in various forms in the limestone beds. In some cases 
the siliceous material is distributed about some fossil fragment. 
In others they present the appearance of having taken the 
place of a cavity in the stone. The surface of contact is often 
distinet, the chert separating freely from the limestone, but 
adjacent parts of the latter are more or less altered to a cherty 
condition. These nodules have an eel-like form with often 
one or more bends and are not always parallel to the plane of 
bedding. A section shows a mottled, grayish white chert on 
the outside distributed in bands about an inner core of granu- 
lar material made up principally of fossil fragments in a com- 
minuted condition. 

The chert beds, aggregating forty feet, which immediately 
underlie this division were included in it in Hall’s Report* but 
subsequently removed to the Burlington by White.+ 

The appearance of these bands of chert at varying inter- 
rals from the Lower Burlington to the St. Lonis limestone 
inclusive has been commented upon by White, though no 
explanation of their origin has been attempted.t Worthen 

* Geological Survey of Iowa, 1858, vol. i, part 1, p. 94. 

+ Geological Survey of Iowa, 1870, vol. i, p. 203 (note). 

¢ The investigations of G. I Hinde, of the British Museum, on various cherts 
over the world led him to the conclusion that they are of organic origin. ‘The 
chert from the Carboniferous limestoues of Ireland was all made chiefly from the 
siliceous spicules of sponges and the silica of silicified fossils has the same source.” 
—This Journal, IIT, xxxiv, 405. See also vol. xxxvi, 73. Dr. M. C. White, of 
New Haven, made the earliest observations upon chert of the ‘“‘ Subcarboniferous 
limestone of Illinois,” and the hornstone of the Corniferous and Black River beds. 


His paper will be found in this Journal (1862) II, xxxiii, 385. Dana also dis- 
cusses the subject in his Manual on pages 267, 261, and 305. 
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attributed them to the intrusion of water charged with sili- 
ceous material from below. The accession of siliceous material 
to the waters of that epoch, however caused, resulted in the 
more or less complete extermination of the life characterizing 
the preceding epoch. Upon the restoration of normal condi- 
tions, however, a profusion of forms again appears though 
marked by variations in type and form. This tendency toward 
extinction may be observed in the smaller as well as the more 
important chert beds. The crinoidal facies of the first crinoid 
bed is essentially different from that of the second, while that 
of the third is unlike either. The destructive effect of excess 
of siliceous material represented in the Geode bed is especially 
noticeable in the paucity of species that were able to survive 
it. The almost complete extinction of the Actinocrinide is 
especially remarkable.* Not only is this true of crinoidal life 
but it has been remarked that a profusion of fish remains is 
nearly always accompanied by greater or less quantities of 
chert. The obvious connection existing between the presence 
of the chert and the extinction of previously existing species 
is certainly of great interest both from dynamical and evolu- 
tionary standpoints, though at present little understood. 

At some of the partings in this division the upper surface 
of the lower stratum shows decided evidences of erosion. The 
limestone matrix has in some cases been worn away, leaving 
the fossils projecting one-half to one inch above the general 
surface. The rock-surface is usually, in these cases, much 
discolored and altogether its appearance seems to indicate 
changing submarine currents. 

The upper division or Geode bed consists principally of 
argillaceous shale varying to an impure shaly magnesian lime- 
stone. The lower portion is more calcareous, sometimes 
ineluding thin layers of tolerably pure limestone. An abun- 
dance of siliceous matters oceurs here in the form of goedes 
which, with the exception of a few feet in the lower part, are 
disseminated throughout the formation. They are generally 
smaller and thicker in the middle and upper portions of the 
bed, while in the more calcareous layers below the geodes 
are large and contain more perfectly formed crystals. 

The formation contains three crinoid beds quite clearly 
distinguished from eaci other in the character of their 
forms. Outside of these horizons crinoids sometimes occur, 
but sparingly. 

The third bed, No. 13, of the section las not been found out- 
side of a single locality in the lower part of the city discov- 
ered by Mr. L. A. Cox. Most of the species obtained from 
this bed were new and belong to the Poteriocrinid, evi- 


* Keyes, American Naturalist, March, 1890, p. 243. 
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dently allying this stratum with the crinoid bed at Craw- 
fordsville, Ind., while the resemblance is still further enhanced 
by the lithological character of the stratum. At the above 
locality there are twenty-five feet of fossiliferous shale under- 
lying the crinoid beds and followed downward by two hundred 
feet of limstone and shale.* Now while at Crawfordsville the 
beds are marked by the Poteriocrinidze, at Keokuk the fauna 
of the lower division is essentially Actinocrinoidal in aspect. 
The most common forms occurring in the lower division at 
Keokuk, viz: Batocrinus Nashville, B. biturbinatus, Acti- 
nocrinus pernodosus and Agaricocrinus Wortheni, are absent 
at Crawfordsville, while even the ubiquitous Aygaricocrinus 
Americanus is not recognized in the corrected lists of fossils 
from that locality. 

We are disposed therefore to consider it as not improbable 
that the erinoid beds at Crawfordsville and the associated shale 
are the stratigraphical equivalent of the Geode bed and its 
associated layers at Keokuk. 

The second crinoid bed is known as the Doryerinus Bed, 
from the abundance of a single species of that genus, J. JMis- 
sissippiensis. 

The interest attaching to these beds centers largely in their 
Radiates of which the Crinoidea are the most prominent. The 
following table gives approximately the genera and number of 
species and their relations at Keokuk and Crawfordsville: 


Total At At Craw- 

Genera. Species. Keokuk, tordsville. Species common. 
Actinocrinus, 6 5 as 
Agaricocrinus, 6 3 1 
Batocrinus, 13 7 2 B. Indianensis. 
Barrycrinus, 15 9 2 
Calceocrinus, 4 2 1 
Catillocrinus, 2 ee 1 
Cyathocrinus, 1] 2 5 
Decadocrinus, 2 1 1 
Dichocrinus, 5 3 2 D. ficus. 
Dorycrinus, 4 4 
Eretmocrinus, 5 3 oh 
Eucladocrinus, l 1 
Eupachycrinus, 
Forbesiocrinus, 2 1 1 F, Worthent. 
Goniasteroidocrinus, 2 1 1 
Graphiocrinus, 
Onychocrinus, 3 1 2 0. ramulosus. 
Parisocrinus, 1 1 
Platycrinus, 5) 4 1 P. hemisphericus. 
Poteriocrinus, 3 1 1 
Rhodocrinus, 1 
Scaphiocrinus, 16 12 4 
Scytalocrinus, 4 = 3 
Stemmatocrinus, 


* Beachler, Am. Geol., vol. ii, p. 407. 
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Total At At Craw- 
Genera. Species. Keokuk. _fordsville. Species common. 
Symbathocrinus, 
Taxocrinus, 
Vasocrinus, 
Woodocrinus, 
Zeacrinus, 


Number genera, 29 . : 5 


From this it appears that over one-half of the species of the 
formation occur at Keokuk, while at Crawfordsville the pro- 
portion is about one-fourth with only five species common. 
Out of the sixty-nine species observed at Keokuk, however, a 
large portion are rarely met with, while the hardness of the 
limestone matrix renders the collection and cleaning of fossils 
a comparatively slow and difficult process. 

The collection of fish remains made here is an extensive 
one aid may be grouped as follows : 

Total Species Total Species 

Species. at Keokuk. Species. at Keokuk. 
Cochliodonts, 26 20 Psammodonts, 1 1 
Hybodonts, 17 ef Ichthyodorulites, 16 13 


Petalodonts, 20 14 
Total, 80 65 


It is generally maintained against the evidence for the con- 
trary from Coral Islands, as illustrated by Professor Dana, that 
limestone is a deep-sea deposit. The appearance of the 
Keokuk limestone in places shows very decided evidences of 
having been subjected to shallow water conditions. That 
littoral conditions are productive of arenaceous deposits alone 
would seem to necessitate the further proof that the debris 
derived from the neighboring land surface is distinctively 
arenaceous in character. That this is generally so is readily 
seen, but that it is always so can hardly be admitted. The 
presence of crinoids in the Keokuk limestone has been accepted 
as conclusive of a deep water origin, since existing forms of this 
order are usually obtained far below the surface. Nevertheless 
we are disposed to consider the Keokuk beds in the vicinity of 
Keokuk as essentially a shallow water deposit. Toward the 
east where it impinges upon the Cincinnati axis it becomes 
decidedly arenaceous, but along its northern border in Iowa no 
such change is observed, its calcareous character being as 
marked as farther toward the south. Moreover the discovery 
of a piece of fossil wood in this formation at Keokuk would 
seem to imply (1) an adjacent shore line and (2) shallow water. 
This interesting specimen was obtained from No. 5, about 10 
_ feet below the base of the Geode bed. It is a portion of a 
Sigillarian trunk. 

Keokuk, Iowa. 
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Art. XL.—Wote on the vapor-tension of Sulphuric Acid, 
with the description of an accurate Cathetometer Micro- 
scope ; by Cuas. A. PERKINS, Ph.D., Associate in Physics, 
Bryn Mawr College. 


In the physical laboratory it is frequently necessary to meas- 
ure small differences in the height of two objects, such as two 
columns of liquid, ete., and especially to measure changes of 
height ; and several forms of apparatus have been designed for 
this work. The cathetometer is accurate for this purpose only 
when provided with two telescopes and when the objects to be 
measured are in the same vertical line, and then is not readily 
used if the points are less than about 10™ apart Desiring to 
make some measurements of this nature, I made use of the 
following apparatus: A microscope of rather long focus is 
mounted upon a rigid vertical brass column and is carried by a 
vertical micrometer screw, reading to 53,™". Immediately in 
front of the object glass and covering one-half of it, is placed 
a small total reflecting prism, so adjusted that when the micro- 
scope is focussed upon one object, the prism throws into the 
field the image of an object vertically above or below the 
second, but on a level with the first. If the objects to be 
measured are situated upon the same level, they will thus be 
superimposed ; if not at the same level, they will come suc- 
cessively to the center of the field, by moving the micrometer 
through the necessary distance. With this apparatus, measure- 
ments may be made in which the probable error of a single 
setting is considerably less than ,1,"" and in which the motion 
is a simple vertical one as if the two objects were in the same 
vertical line. The principal difficulty encountered is to bring 
both objects into focus at the center of the field. For this it 
is desirable to have one of the objects movable and to perform 
the adjastment by moving this object, but it is quite possible 
to make the adjustment when the objects are connected, as 
the two legs of a U-tube. 

I have made use of this apparatus to measure the vapor 
tension of sulphuric acid. This liquid has some properties 
fitting it to be used in pressure gauges, either by itself or in 
connection with mereury.* I desired to use it for this purpose 
in a place where its vapor tension if appreciable would be 
injurious. 

The only experiment, so far as I know, upon the vapor 
tension, was made under the direction of Sir Wm. Thomson, 


* Callendar, On the practical measurement of Temperature, Phil. Trans., vol. 
elxxviii, p. 161; and Bottomley, On a practical Air Thermometer with constant 
volume, Phil. Mag., ser. V, vol. xxvi, p. 149. 
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and consisted in proving that the tension does not change 
much between 20° and 100° C.: the column of acid, by which 
the change of tension was measured, being 3" in diameter 
and terminated at one end by a vacuum and at the other by a 
bulb of gas which was kept as nearly as possible at the same 
temperature while the acid at the vacuum end of the tube was 
heated.* 

My own plan originally was to take a U-tube, half filled with 
mercury, and after drying and exhausting the air from both 
legs, to observe the depression of mercury in one leg, when a 
drop of acid was introduced. In every case an elevation was 
observed, due to moisture leaking in through the cocks, or 
remaining on the glass and evaporating as exhaustion ad- 
vanced ; a form was therefore adopted which was free from 

cocks and in which the mercury could be 
boiled to drive off all moisture. It consists 
of two barometers. One is an ordinary cis- 
tern barometer (I), the other is an inverted 
U-tube with merenry in both legs. One end 
(6) dips into the same vessel as the tube I, 
the other (@) is recurved to prevent the ad- 
mission of air, but allowing the acid to Le 
introduced by a curved pipette or medicine 
dropper. The height of the column (0) in U 
is compared with that in I, before and after 
admitting acid into U through a. The inter- 
6 \\a_ nal diameter of the tubes is about 0-8". In 
filling the U-tube, it is exhausted by a Sprengel 
pump and heated strongly. When cool, a 
little mereury is introduced and boiled and this operation is 
repeated till the tube is full. Unless this precaution is taken, 
the acid in rising through the tube, carries up air, which causes 
a depression of the mercury. 

The acid was purchased of Queen & Co. as pure concentrated 
acid, but not absolutely anhydrous. 

In making the measurements from three to five readings 
were made of the position of the meniscus in U and the same 
number for I: then acid was introduced into the other leg of 
U and the readings were repeated in the same order. The 
mercury column is illuminated from behind and a ring of 
black paper, sliding on the tube, is adjusted as near as possible 
to the top of the meniscus, allowing only a thread of light to 
pass over the top of the column. Unless this is done, reflec- 
tions will make the top of the column uncertain. Where it is 
possible, the method of using the image of a black point and 
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* Encye. Brit., 9th ed., Article *‘ Heat.’ 
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its reflection, as done at Breteuil, leaves nothing to be desired ; 
but I could not work with large enough tubes, and errors of 
setting were not my principal errors. 

Measured in this way, my three best measurements gave for 
the vapor tension : 


Difference of U and I in 200ths ™™. 


Before admitting acid. After. Difference in ™™. 
31 33 
3 11 +°01 
—12 —13 —°005 


This result is considered to be purely negative, as errors due 
to the change of the height of the barometer during the experi- 
ment and those introduced by irregularities in the capillarity 
of the mercury (in spite of shaking the tube) would be sufticient 
to account for the measured tension. <A larger tube would 
have avoided some of the trouble, but would have increased 
very much the labor of manipulation. 

In several other experiments, attention was carefully fixed 
upon the top of the mereury column in the tube } just as the 
acid rose through the other tube (@), in order to observe any 
instantaneous movement of the column. The movement, if 
any, was very slight—certainly not in excess of the above 
measurements. I therefore conclude that the tension is not 
greater than about 


Art. XLI.—Experiments upon the Constitution of the Nat- 
ural Silicates; by F. W. CLARKE and E. A. SCHNEIDER. 


DuRING the past six years the constitution of the natural 
silicates has received a good deal of attention in the laboratory 
of the United States Geological Survey. A number of papers 
have been published by one of us, partly theoretical and partly 
analytical; but the evidence so far considered has been drawn 
only from careful analyses of various minerals, and a study of 
their obvious relations, their associations, and their alteration 
products. Within certain limits the results obtained have been 
satisfactory and suggestive; but in several cases it was found 
that ordinary analysis failed to discriminate between possible 
alternative formule; and it was plain that the uncertainties 
could only be cleared up by new lines of experimental investi- 
gation. With such investigations the present paper has to do. 
Sixteen minerals, including. varieties, all of the magnesian 
group, have been examined ; and it has been found quite pos- 
sible to separate some of them into distinct fractions of definite 
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character in such a way as to shed much light upon their inner 
chemical structure. In general, the methods which have been 
employed by us are not new, except in their application to the 
silicate problem; but in their analogies to the processes used 
for the elucidation of organic compounds, we believe that they 
will be found interesting. 

In brief, our mode of procedure has been as follows: First, 
each mineral, selected and purified with great care, has been 
completely analyzed; and in each case enough material was 
ground to a uniform sainple to suffice for all subsequent exper- 
iments. Secondly, each mineral has been subjected to the 
action of dry hydrochloric acid gas, under quantitative condi- 
tions. For this purpose a quantity of material was weighed 
out in a platinum boat, which was then placed in a glass tube 
and heated in a stream of the dry gas until, after repeated 
weighings, constant weight was attained. The s sample was then 
treated with water and a drop or two of nitric acid, and the 
soluble constituents of the mass were determined by the usual 
methods of analysis. In every instance a sample was thus 
treated at a temperature between 383° and 412° C., but in 
some cases other temperatures were studied also. For heating 
the tubes an ordinary combustion furnace was used; and the 
temperature was kept within the indicated range by placing 
on one side of the platinum boat a sealed capillary tube 
containing lead iodide, melting point 383°, and on the 
other side a tube containing zine, which fuses at 412°. The 
flames of the furnace were then so adjusted that the iodide 
fused, while the zine did not. For a higher range of temper- 
atures, which was employed in some cases, the indicators simi- 
larly used were lead chloride, m. p. 498°, and silver iodide, m. 
p. 527°. These melting points are given according to Carnel- 
ley. Asa rule, in each series of experiments the sample under 
treatment was weighed every two hours; and before reheating 
it was stirred with a fine platinum wire in order to expose a 
fresh surface to the action of the acid. By this mode of treat- 
ment different minerals are very differently affected; there 
being almost no action in some cases, and very notable action 
in others. With this action of gaseous acid, the action of 
aqueous hydrochloric acid upon each mineral was carefully 
compared, and some points of great importance were thus 
brought out. As a rule, one gram of mineral was treated 
with 75 ce. of fuming hydrochloric acid on the water bath, and 
the mixture was evaporated to dry ness. When decomposition 
was not complete, the mineral was dorthen treated with hydro- 
ehlorie acid of sp. gr. 1°12 for theron days or even longer, and 
the amount of action was ascertained and recorded. In several 
instances this treatment with aqueous acid was repeated after 
strong ignition of a mineral, and it was sometimes found that a 
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species previously soluble could be thus split up into a soluble 
and an insoluble part. In a number of cases ignition of a min- 
eral caused the liberation of silica, which could afterwards be 
dissolved out with soda solution and quantitatively determined. 
For this purpose a solution of sodium carbonate, 250 grams 
to the liter, was employed. Finally, in almost every case the 
nature of the water in a mineral was investigated, by a stud 
of the temperatures at which its several fractions were expelled. 
For low temperatures, an ordinary air-bath was used; for 
higher temperatures the minerals were heated in a stream of 
dry air, between indicators of known melting points, just as in 
the treatment with gaseous hydrochloric acid. 

So much for the methods of research, which will be more 
clearly understood from a study of the details to be given pres- 
ently. On the theoretical side we have adhered to the work- 
ing hypothesis that the more complex silicates are substitution 
derivatives of normal salts, as has been suggested by one of us in 
several earlier publications. From this point of view the nor- 
mal ortho-silicate of magnesium is the fittest starting point for 
discussion, and this salt is approximately represented by olivine. 
The purer forsterite was not available. 


1. Olivine. 


For this species the only material at hand was a supply of 
the chrysolite pebbles from near Fort Wingate, New Mexico. 
The mineral from this locality, we believe, has not been pre- 
viously analyzed ; and as it is rich enough in color and is suffi- 
ciently clear it is often cut asa gem. It has the characteristic 
color of the peridot, and is apparently quite free from inclu- 
sions. The analysis gave the following results: 


41°98 
51 

100°11 


Only 0°05 per cent of the water was lost at 105°. 

11027 grams of the mineral were heated in gaseous hydro- 
chloric acid for twenty-two hours, and gained in weight 0°0157 
grm. On leaching with water and a drop of nitric acid the 
following percentages of material went into solution : 
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Hence olivine, at the temperature of 383°-412°, is hardly 
attacked by dry hydrochloric acid; and the slight action here 
recorded may possibly be due to incomplete drying of the gas. 
The aqueous acid, on the other hand, decomposes olivine with 
great ease. On this mineral no other experiments were neces- 
sary for our purposes. 


2. Tale. 


The mineral studied was a typical, apple-green, foliated tale 
from Hunter’s Mill, Fairfax County, Virginia. Analysis as 
follows : 


Hence the water is practically all constitutional. 

Heated in dry HCl gas to 383°-412° for fifteen hours, the 
tale underwent inappreciable change of weight. Upon leach- 
ing, only 0°23 per cent of magnesia went into solution. By 
rapid evaporation with 75 ec. of fuming aqueous HCl, 1°05 
per cent of MgO and 0°16 of (FeAl),O, were dissolved. Upon 
eight days’ digestion on the water bath with acid of 1:12 sp. 
gr., 1:94 MgO and 0°23 of sesquioxides were removed. By 
digesting in like manner for thirty-two days, 3°94 MgO and 
0-41 of sesquioxides were taken out. Tale, therefore, is, as 
should have been expected, remarkably stable in presence of 
hydrochloric acid, both aqueous and dry. This fact has a very 
important bearing upon the constitutional formula of the min- 
eral. 

In empirical composition the tale analyzed agrees quite 
sharply with the accepted formula Mg,H,Si,O,,. This is com- 
monly interpreted as an acid metasilicate, Mg,H,(SiO,),; but 
Groth has lately proposed to consider tale as a basic salt of 
pyrosilicie acid, H,Si,O, On this supposition its rational for- 
mula becomes Mg(8i,O,),(MgOH),. Between these two for- 
mule, experiment is able to decide. 


"85 
100°08 
In detail, the water determination was as follows: 
Loss at 250°-300° .......:......-. 06 
Loss at white heat............-..-. ‘85 
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Against Groth’s formula the stability of tale towards acids 
tells very strongly. The univalent group — Mg — OH ought 
to be soluble in hydrochloric acid: and evidence, to be pre- 
sented later, goes to show that that particular group is easily 
removable by the dry, gaseous HCl. In fact, our experiments 
make it highly probable that all the magnesia taken from a sil- 
icate by perfectly dry HCl, was originally present in the 
hydrexylated form. As regards the constitution of tale, how- 
ever, other evidence is even stronger. 

If Groth’s formula is correct, then, upon ignition, tale should 
behave according to the equation 

Si,O.—-Mg—OH Si,O.—Mg 

In other words the loss of water should produce but little 
change, and no silica should be liberated. If, on the other 
hand, the acid metasilicate formula is true, tale should split up 
into 83MgSi0O,+Si0O,+H,O; that is, one-fourth of the silica 
should be set free; which, in the present instance, would 
amount to 15°57 per cent. This actually happens; and a 
weighed quantity of tale, ignited very intensely for half an 
hour over a blast-lamp, gave up 15°36 per cent of SiO, upon 
subsequent boiling with a solution of sodium carbonate. Upon 
longer ignition, as might be expected, a part of this silica re- 
verts to the insoluble form, and somewhat lower results are 
obtained. Upon the unignited tale, boiling with soda solution 
for twenty-four hours produced little or no effect ; soda was not 
taken up, nor was silica removed. 

In brief, both lines of evidence, the liberation of silica and 
the stability toward acids, confirm the ordinary formula for 
tale and controvert the views of Groth; and no other formula 
out of several which are possible, satisfies both of the experi- 
mentally established ‘conditions. The mineral, therefore, must 
be regarded as an acid metasilicate; although its ultimate 
structural formula can be written only when we have a bet- 
ter knowledge of metasilicic acid. It is a noteworthy fact, 
that no normal metasilicic ether is yet certainly known; for 
Ebelmen’s results have not been confirmed by later observers, 
Troost and Hautefeuille, however, prepared an ether having 
the composition (C,H,),Si,O,,.. Possibly enstatite may be the 
normal magnesium salt corresponding to this ether; in which 
case tale would be a substitution derivative having H, in place 
of one atom of Mg. 


3. Serpentine. 


On account of the importance of this species, its variability 
in external characteristics, and its manifold relations to other 
minerals, several distinct samples were investigated. 


i 

uf 

| 

4 


308 Clarke and Schneider—Experiments upon the 


A. Dull-green serpentine from Montville, New Jersey, de- 
rived from pyroxene by alteration. 

B. Dark-green serpentine from the well-known locality at 
Newburyport, Massachusetts. 

C. Silky, fibrous chrysotile from Montville. 

D. Grayish-green picrolite from Buck Creek, North Caro- 
lina. 

E. A grayish green mineral from Corundum Hill, North 
Carolina, which was supposed at first to be deweylite. It is 
an ordinary, massive serpentine. 

Analyses as follows, with the itemized water determinations 
subjoined. 


B C D E 
41°47 42°42 42°94 41°90 
15°06 15°64 13°21 16°16 
41°70 41°01 36°53 40°16 

09 undet. 1°88 undet, 
none trace 

61 10 
‘62 3°33 ‘91 
1°72 


100°55 100°22 


H,O at 250° 
H,O at 383°-412° 
H,O at 498°-527° .. ‘2: 56 


H,O at 105° 2°04 
. l 
27 


H.O at red heat. _-.12°37 3° 11°81 
H.O at white heat_. 28 "25 


2 
2 
2 
2 


From these data it is clear that practically all the water in 
serpentine is constitutional, and that none of it can be fairly re- 
garded as crystalline. The small, variable amount lost below 
250° is mainly hygroscopic and enclosed water, since the anal- 
yses refer to air-dried material. It is hardly necessary to state 
that in each fractional determination the material was heated 
to constant weight. 

Upon heating in dry, gaseous, hydrochloric acid all of these 
serpentines were strongly attacked; differing essentially in this 
particular from olivine and tale. The bases thus taken out as 
chlorides at. 383°-412° were as follows: 

A B 
No. of hours heated.... 54 68 


MgO extracted 10°14 16°73 
extracted ....... .... "43 


A 
SiO, ..... 42°05 
BO..... 1466 
MgO .... 42°57 
05 
Fe,O,..-- ) 
\ 
973 1000 99°94 
1°53 2°26 
44 101 
62 “98 
“42 
1058 11°32 
‘04 17 
9°98 11°38 15°25 
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In the last determination the soluble magnesia was accident- 
ally lost; and the value given was estimated by difference. A 
duplicate determination on the Newburyport mineral, at the 
same temperature, with 39 hours’ heating gave only 14°43 per 


cent of magnesia removed as chloride. The different times re-. 


quired for obtaining constant weight and so fixing the limit of 
the reaction vary considerably. 
Similar experiments upon serpentines A and B at the tem- 


perature 498°-527° gave similar results. 


A 
Hours heated -. --- - - 18 18 
MgO 10°83 14°28 
R,O, removed_-....- ‘10 "16 


In duplicate determinations at the same temperature, A 
yielded 14°17 and B gave 17:36 per cent of magnesia converted 
into chloride. 

Now these data, although not satisfactorily concordant, have 
nevertheless some signiticance. They show first that the action 
of the gas is much the same at both of the temperature inter- 
vals, except that the limit of change is reached more quickly 
in the hotter series. They show, also, that the magnesia of 
serpentine is probably combined in two ways; one part being 
affected, the other unattacked by the acid. That part which 
is converted into chloride, and so rendered soluble, we may re- 
gard provisionally as represented by the group —-Mg—OH; 
even though our estimate of its amount may not be so sharply 
accurate as might be desirable. No other hypothesis as to the 
nature of the dissolved magnesia seems to be practicable, or to 
account in any way for the results of the experiments. Roughly 
speaking, a maximum amount of about one-third of the mag- 
nesia in serpentine is extracted by dry HCl under the condi- 
tions of our experiments, the other two-thirds being more 
stable. 

By aqueous hydrochloric acid all of the five serpentines were 
easily and completely decomposed. In three instances this fact 
was determined quantitatively ; by evaporating the acid to dry- 
ness with the mineral, extracting with weak acid, and weigh- 
ing the residue. In each case this residue agreed in percen- 
tage with the silica found by actual analysis. The data are as 
follows : 


A C D 
Insoluble in HCl 42°32 42°21 42°55 
Silica found 42°05 42°42 42°94 


By very weak hydrochloric acid, however, these three ser- 
pentines are but partially decomposed ; the picrolite being the 
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most stable of the series. A microscopic examination of the 
picrolite by Mr. Waldemar Lindgren showed no inclusions 
which could account for this difference in behavior, and it is 
probably due to merely mechanical conditions. 

Upon boiling directly with sodium carbonate solution, none 
of the serpentines were attacked. By sharp ignition, however, 
a little silica was sometimes liberated ; which, as in the case of 
the tale, could be dissolved out and estimated. The quantities 
of silica thus set free were as follows : 

B C D E 
Per cent ‘. 2°00 2°98 none 6°05 
2°63 4°93 


These results cannot easily be interpreted. At most, only 
about one seventh of the total silica is thus taken out; and 
this may represent either impurities in the minerals or secon- 
dary reactions of an undetermined kind. 

When serpentine is heated to the point of fusion it is split 
up, as Daubrée has shown,* into a mixture of olivine and 
enstatite. 

H,Mg Si,O,=2H,0+ Mg,SiO, + MgSiO,,. 


Upon ordinary ignition, however, this breaking up of the 
molecule does not always take place ; and when it does occur, 
it is as a rule only partial. In three experiments the serpen- 
tines A, C, and D, were strongly ignited over a blast lamp for 
an hour each, and then treated with strong hydrochloric acid. 
By this treatment, olivine, if formed, should be decomposed ; 
while enstatite would remain unattacked in the residue. After 
evaporation to dryness and extraction with weak acid, the 
insoluble material was boiled with sodium carbonate solution 
to remove free silica, washed, dried, and weighed. The resi- 
dues were as follows: 
A C D 
Per cent 4°39, 20°80 39°96 


The residue from the massive Montville serpentine contained 
43:28, and that from the chrysotile 41°34 per cent of magnesia, 
thus agreeing nearly with enstatite in composition. The picro- 
lite residue was composed of— 


* Compt. Rend., Ixii, 661, 1866. 


9:26 

100°45 
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showing it to be an impure enstatite, the impurities being anal- 
ogous to those of the original mineral. In the last case the 
splitting up seems to have been practically complete; in the 
chrysotile it went fully half way, while in the ordinary serpen- 
tine it barely began. The conclusion is obvious. When ser- 
pentine is simply dehydrated, the molecule Mg,Si,O,, decom- 
posable by acids, remains; and this on further heating splits 
P in accordance with Duabrée’s observations. The salt 

g,Si,O, corresponds to certain well-known silicic ethers, and 
is probably a detinite compound. 

Now, bearing upon the constitution of serpentine, we have 
several lines of evidence. First, its empirical formula, 
H,Mg,Si,O, is well-known, and in this all the water is con- 
stitutional. Second, upon dehydration it yields the salt 
Mg,Si,O,. Third, a part of the magnesia is less stably com- 
bined than the remainder of the base, and is presumably pres- 
ent as —Mg—OH. If one atom of magnesium, or one-third 
of the total, is thus combined, the excess of one atom of 
oxygen over the normal orthosilicate ratio in the formula is 
accounted for, and the conditions imposed by our experimental 
results are satisfied. 

Taking all these considerations into view it seems highly 
probable that the constitutional formula of serpentine may be 
written Mg,(SiO,),H,.MgOH). In ultimate structural form 
this may be interpreted in several ways, any one of which will 
admit of a linking together of the two orthosilicic groups, 
after dehydration, with elimination of one oxygen atom, to 
form the acid group Si,O, Between the several possible 
structures, however, we are not as yet prepared to decide, and 
further investigation covering other hydro-magnesia silicates is 
necessary. Bearing in mind the very common derivation of 
serpentine from olivine, and the obvious relations of both 
species to chondrodite, the following formule are highly sug- 
gestive; the first one representing olivine with double its 
simplest expression : 


Mg;Si,O, Olivine. 
Mg,Si,O,(MgF), Chondrodite. 
Mg,Si,O,H,(MgOH) Serpentine. 


In the chondrodite formula of course, the group -Mg-O-Mg— 
to a certain extent replaces the two univalent MgF groups. 
Although these formule are not absolutely proven, they are 
at least highly probable; and they conform perfectly to the 
general working hypothesis that the more complex silicates 
are substitution derivatives of normal salts. 
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One other formula for serpentine, MgSi,O(MgOH),H,. is 
reconcilable in part with our data. But such a compound 
ought to be acted upon more strongly by gaseous hydrochlorie 
acid, and two-thirds of the magnesia should be removable. 
This limit was not even remotely approached in our experi- 
ments, although in two cases the one-third limit was detinitely 
exceeded. It is a legitimate question, however, whether there 
may not be two isomeric serpentine molecules, corresponding 
to these two formule ; and this question ought to be kept in 
view in future investigations. 

[To be continued ] 


Art. XLIL.—On five new American Meteorites ; by GEORGE 
F. Kunz. 


1. On the group of Meteorites recently discovered in Brenham 
Township, Kiowa County, Kansas. 


AxouT four years ago, the farmers of Brenham Township 
ploughed up a number of heavy objects, which they used to 
weight down haystacks and for other like purposes, as they 
would have used boulders. It was discovered in March last 
that these were not common “rocks,” but an interesting group 
of meteorites, numbering over twenty in all, weighing together 
about 2,000 pounds, and individually from 466 pounds down 
to one ounce. They were found imbedded at a slight depth in 
the soil, which here, for about one hundred feet deep is formed 
of Pleistocene marl, originally the bottom of an ancient lake ; 
they occurred scattered over a surface more than a mile in 
length, principally, however, in a square of about sixty acres. 

What is now Kiowa County, Kansas, five years ago formed 
parts of Edwards and Comanche counties, and was occupied 
by large ranges and cattle ranches. Brenham Township, or 
Towalis 27, as it was then called, is in the northwestern part 
of Kiowa County, consists of high prairie with some areas of 
sand-hills, and has an altitude of about 220 feet above sea-level. 
Some drains of the head-waters of the Medicine River and its 
tributaries, farther south, become ravines and valleys; and there 
a gravel occurs, the debris of Miocene “ Loup Fork ” conglom- 
erates. But on the high prairie not a stone of any kind is to 
be found; hence the ranchmen and settlers were greatly sur- 
prised at finding heavy “rocks” or stones projecting through 
the prairie sod. 

Several years ago, Mr. Davis, a lawyer at Greensburg, iden- 
tified these as meteorites ; and although the farmers had thus 
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known the fact for a long time, yet. strange to say, no impor- 
tance was attached to them until Mrs. Kimberly applied to 
Professor F. W. Cragin, of Washburn University, in the early 

art of last spring. It was not until the 13th of March that 
Proteus Cragin secured four of these masses. They were 
nearly all found by being struck by mowing-machines, plough- 
shares, corn-cultivators, or other farm implements. Over 
twenty distinct masses have been reported; but it is very 
evident, from the weight and other facts, that some have been 
noted several times over. The townships are reckoned from 
the base-line, the 40th parallel; and the ranges, from the 6th 
principal meridian, which crosses Kansas about longitude 
97° 30’ west of Greenwich. Brenham Township [27] is made 
up of thirty-six sections, each one mile square, numbering 
from No. 1 to No. 36. The meteorites seem to have covered 
an area over one mile in length. Some of them fell on the 
east half of the northwest quarter, Section 27, Township 28, 
Range 17, west of the 6th principal meridian. 

The history of some of the pieces is remarkable. The 
35°72-pound piece, found on the Evans place, was lost, and 
again found in a hole made by hogs under a barbed-wire fence. 
The 75-pound mass was used by Mrs. Kimberly to hold down 
a cellar door or the cover to a rain-barrel. Mass No. 3 was 
used to keep down a stable-roof. The 466-pound mass [called 
by the farmers the “moon meteorite”] was covered by only 
three inches of soil, and broke a ploughshare when first struck. 
Apparently none of the masses were buried to a greater depth 
than five or six inches. 

The 1015-pound, the 71:5 pound, and the 55-pound masses 
were found four years ago by a cow-boy, when the ranch had 
not yet been occupied by settlers, being simply used as a cattle- 
range. He was unable to move them to the “Green’s Stage 
Station,” now Greensburg, eight miles distant, and so buried 
them in the gulch a mile northwest of the Kimberly farm on 
the * Francisco Claim.” About a year afterward he became 
ill, and died; but before his death he communicated the burial 
of the “three strange rocks,” as he called them, to two of the 
settlers, who succeeded in finding them and bringing them to 
the new town of Greensburg about a year later. The 55-pound 
mass was carried over by a neighbor, who used it to weight 
down his haystack. 

Professor Snow, of Lawrence, Kansas, visited Kiowa County 
several times, and the last time obtained the 101°5-pound mass 
in the streets of Greensburg, the county seat, where it had 
lain for several years in front of a lawyer’s real estate office. 

The exterior of all the masses shows the characteristic 
pitting. The surfaces have all been more or less oxidized by 
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exposure to the elements, showing that the fall is not recent, 
and that the original mass was made of crystalline iron as well 
as of iron filled with crystals of olivine; in other words, the 
masses show two distinct groups. Of these, the 345-pound 
and the 75-pound ones are nickeliferous iron of highly octahe-. 
dral structure and cleavage, and are caillites, while the others 
are meteoric iron containing olivine, and belong to the group 
known as pallasites. 

The largest mass, a pallasite, weighs 466 pounds, or 211°818 
kilos. It is thick, slightly flattened, triangular in form, some- 
what heart-shaped, and measures through the longest part 61 
centimeters, or 244 inches; across the widest part 48 centime- 
ters, or 19 inches ; and in the thickest part, 37 centimeters, or 
144 inches. It is covered with large indentations measuring 
10x6x3 centimeters. The coating is more or less oxidized, but 
the olivine is perceptible in all parts of the mass. The dimen- 
sions of the 345 pound mass [158°818 kilos] are 60x37x29 cen- 
timeters, or 23?x14}x11} inches. It is slightly arch-shaped, is 
an iron with many pittings, and shows the characteristic mag- 
netic oxide of iron crust. The 219-pound mass [99°535 kilos] 
measures 51x41x26 centimeters [20$x16}$x10} inches; in form 
like a three-sided pyramid. The 211-pound mass [95-909 kilos] 
is somewhat rounded, with a circular depression on one side. 

There are two masses weighing 125 pounds [58°863 kilos] 
and 54:96 pounds [25-084 kilos] respectively. The 1015-pound 
mass [46°136 kilos] is almost round, measuring 35x26x27 cen- 
timeters [133?x104x102 inches]. The exterior is evenly pitted, 
and the center of each pitting is occupied by an olivine crys- 
tal. The 75-pound one [34°09 kilos] is an iron, and measures 
32x2243x15 centimetres [12$x84x5{ inches], in shape like a 
pear or ham covered with pittings. The crust has been 
changed somewhat by weathering. The 715 pound mass 
[32-485 kilos] measures 27x23x22 centimeters [10$x9x82 
inches]. It is a jagged, irregular square, and shows olivine 
erystals all over the exterior. The 60-pound mass [27:272 
kilos] measures 86x21x17 centimeters [14$x8x62 inches]. It 
is an elongated, rounded piece, with one large flat side show- 
ing large spaces filled with olivine. The 40-pound [18°18] 
kilos] measures 22x21x13 centimeters [8$x8$x5$ inches], of 
irregular shape, with one large projecting point. The 36- 

ound mass [16°363 kilos] measures 22x22x16 centimeters 
[84x84x6} inches. It is a flattened spheroid, containing some 
olivine, but almost entirely iron, showing large pittings like 
the 75-pound or the 345-pound masses. 

There are seventeen or eighteen small masses weighing 18, 
12, 7, 6,5, 3 and 1 pounds respectively, and a few weighing 
only one ounce each. The 211 and 6 pound masses belong to 
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the University of Minnesota; the 125-pound mass, to Harvard 
University ; the 101°5 to Yale University: the 2184 and the 
5496-pound masses, to the University of Kansas; the others 
are in the collection of the writer. 

The specific gravity of the pieces is very variable, and was 
found to be as follows :—of the 6-pound mass, 5°17; 40-pound 
mass, 6°41; 71°5-pound mass, 5°22; 75-pound mass, 7°27; 
845-pound mass, about the same density as the last ; 466-pound 
mass, about the same density as the 715-pound mass. The 
following analyses of the Kiowa meteorites were made by 
Mr. L. G. Eakins in the laboratory of the United States Geo- 
logical Survey : 


Tron. Olivine. Dark Outer Zone of Olivine. 

10°35 tr 23°20 
03 FeO ....... 10.79 03 
08 14 40°19 
tr 
99°85 103°07 

99°66 Less O for S 2°71 

100°36 


The specifie gravity of the iron freed from olivine was found 
to be 7°93 at 23°4° Celsius; of the olivine, 3°376 at 23°2°. 
The iron is brilliant white, enclosing the troilite. and surround- 
ing the olivine erystals. Occasionally small etched surfaces 
show delicate figures like that of the Linnville Mountain me- 
teorite. Troilite exists plentifully, in rounded grains from 
one to five millimeters in diameter, and in thin folia mixed 
with and surrounding the olivine crystals, as well as running 
into and filling small spaces in the body of the iron, either as 
flat plates or rounded masses. Several flat cireular plates 
(erystals?] of graphite, two millimeters in diameter, were 
observed. 

The olivine crystals are very brilliant, and break out entire, 
the faces on many of them being distinct enough to allow of 
measurement of the angles. The spaces from which they 
break are highly polished, showing every crystal face with a 
mirror-like luster; and in the center there is a coating of a 
shining mineral that is jet-black in color, and crushes intoa 
jet-black powder. Many of the olivine crystals are in two 
distinct zones,—the inner half a bright transparent yellow, the 
outer a dark-brown iron-olivine. In reality this dark zone is 
an intimate mixture of troilite and olivine, as the analysis of 
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Mr. Eakins and a microscopical examination of the crystals by 
Mr. J. 8. Diller, of the United States Geological Survey, fully 
prove. 


This group of meteorites, which has recently come to me 
for description, possesses more than ordinary interest, on ac. 
count both of the peculiar composition and structure and also 
of the undoubted ethnological relation, especially because of 
its probable connection with the meteoric iron found in the 
Turner mounds. 

In the spring of 1883, Professor F. W. Putnam found on 
the altar of mound No. 3 of the Turner group of mounds, in 
the Little Miami Valley, Ohio, several ear-ornaments made of 
iron, and several others overlaid with iron. With these were 
also found a number of separate pieces that were thought to 
be iron. They were covered with cinders, charcoal, pearls 
[two bushels were found in this group of mounds], and other 
material, cemented by an oxide of iron, showing that the 
whole had been subjected to a high temperature. On remov- 
ing the scale, Dr. Kennicutt found that they were made of 
iron of meteoric origin.* One of the pieces weighed 28 and 
the other 52 grains. © 

In the autumn of 1883, a mass was found on the altar of 
mound No. 4 of this same group, which weighed 767°5 grams 
[27°25 ounces]. Dr. Kennicutt suggested that these were all 
parts of some larger meteoric mass. The results of the inves- 
tigation were published in connection with the description of 
the Atacama meteorites, because in structure they approach 
more closely to the latter than to those of any other occurrence 
known at that time. In the Liberty group of mounds in the 
same valley, Professor Putnam found a celt five inches long, 
and in another of the Turner mounds an ornament five inches 
long and three inches wice, made also of the same meteoric 
iron. 


* Sixteenth and seventeenth reports of the Peabody Museum of Archeology, 
p. 382. 
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The Carroll County meteorite was found in 1880, about 
three-quarters of a mile from Eagle Station, Carroll County, 
Kentucky, ten miles from the mouth of the Kentucky River, 
and about seven miles in a direct line from both the Kentucky 
and the Ohio Rivers. The distance to the Turner mounds, 
where Professor Putnam found the meteoric iron and the 
ornaments made of it, is about sixty miles. The mass, which 
weighed about eighty pounds, or 36°5 kilos, was rusted on the 
surface to a depth, in some places, of 10 to 12 millimeters; 
and deep pits, some two centimeters across, are observed in the 
spots where grains of olivine have probably dropped out. 
The meteorite was largely made up of fine yellow transparent 
olivine resembling that of the famous Pallas iron, with a 
specific gravity of 4°72. 

Taking the specific gravity of the iron at 76, and that of 
the olivine at 3°3, we find that the Turner mound meteorites 
consist of about three parts of olivine to one of iron. Several 
of the Kiowa masses have about the same constitution. For 
comparison, see the analyses of the Kiowa meteorites, given 
above, and of the olivine and iron from the Turner mound,* 
here inserted, as follows: 


Olivine. Iron. 
- 40°02 89°00 
0°10 
tr 
99°78 100°10 


When the Carroll County iron was described by the author 
in this Journal (vol. xxxili, March, 1887), it was suggested 
that the pieces found by Professor Putnam in the Miami 
mounds had probably been taken from that mass, since no 
other olivine meteorite had up to that time been found in 
North America; while that of Carroll County contained a 
large percentage of olivine, even greater than the mound 
specimens. Very little cutting had been done on the Carroll 
County mass; and it proved on being cut, not to be a pallasite, 
but a brahinite variety of meteorite. In the Little Miami 
valley meteorite are embedded circular grains or crystals of 
olivine ; whereas that of the Carroll County consists of a mass 
of olivine in which the iron serves as a filling between the 
erystals. When a section was cut from the Kiowa County 
material, however, there appeared no doubt as to the identity 
of this fall with that from which the ear-rings were made that 
were found in the mound. In both the Kiowa County and 


* Kennicutt; 16th and 17th Reports of the Peabody Museum of Archzeology, 
p. 382. 
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the mound specimens the body of the meteorite is iron, in 
which are imbedded circular masses or crystals of olivine. 
The fact that in connection with the large Kiowa masses a 
number of smali portions, weighing from half a pound to six 
pounds each, were found, makes it very probable that a small 
mass, of perhaps three or four pounds, had been conveyed by 
the Indians to the Ohio valley. Probably the two ear-rings in 
the collection of Mr. Warren K. Moorhead, recently found by 
him at Fort Ancient, Ohio, may have been made from a part 
of the mass weighing 767°5 grams, which is now in the Har- 
vard University collection. 

I must here express my indebtedness to Professor F. H. 
Snow for information, and particularly to Professor Robert 
Hay for aiding me in procuring many of the meteorites and 
assisting greatly to obtain exact data by visiting the place of 
discovery, and to secure the illustrations; as also to Mr. L. G. 
Eakins for making the analyses, and to Professor F. W. Clarke, 
of the U. S. Geological Survey, for his courtesy in having 
them made at the Survey Laboratory. 


2. On the Winnebago County, Iowa, Meteorite.* 


On Friday, May 2, 1890, at 5.15 P. M., standard Western 
time, a meteor was observed over a good part of the State of 
Iowa. It is described as a bright ball of fire, moving from 
west to east, leaving a trail of smoke which was visible for 
from ten to fifteen minutes ; it was accompanied by a noise, 
likened to that of heavy cannonading or of thunder, and many 
people rushed to their doors, thinking it was the rumbling of 
an earthquake. Substantiated reports have been received 
from DesMoines, Mason City, Fort Dodge, Emmetsburg, Al- 
gonia, Ruthven, Humboldt, Britt, Garnet, Grinnell, Sioux 
City and Forest City; the noise was also heard at Chamber- 
lain, South Dakota. Some of these places were distant more 
than a hundred miles from the point where the meteor fell. 
It exploded about eleven miles northwest of Forest City, at 
Leland, Winnebago County, in the center of the northern 

art of Iowa, latitude 43° 15’, longitude 93° 45’ west of 

reenwich, near the Minnesota State line, and the fragments 
were scattered over an area one mile wide and nearly two miles 
long. Up to the present time, there have been found masses 
weighing respectively eighty pounds, sixty-six pounds and ten 
pounds, two of four pounds and about five hundred fragments 
weighing from one-twentieth of an ounce to twenty ounces 
each, while a part of the mass is believed to have passed over 
into Minnesota. The pieces are all angular, with rounded 
edges. 


* Read before the New York Academy of Sciences, May 12, 1890. 
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The meteorite is a typical chondrite, apparently of the type 
of the Parnallite group of Meunier, which fell February 28, 
1857, at Parnallee, India. The stone is porous, and when it is 
placed in water to ascertain its specific gravity, there is a con- 
siderable ebuliition of air. The specific gravity, on a fifteen- 
gram piece, was found to be 3-638. The crust is rather thin, 
opaque black, not shining, and, under the microscope, is very 
scorious, resembling the Knyahinya, Hungary, and the West 
Liberty, Iowa, meteoric stones. A broken surface shows the 
interior color to be gray, spotted with brown, black and white, 
containing small specks of meteoric iron, from one to two 
millimeters across. ‘Troilite is also present in small rounded 
masses of about the same size. On one broken surface was a 
very thin scum of black substance, evidently graphite, soft 
enough to mark white paper; a feldspar (anorthite) was like- 
wise observed, and enstatite was also present. 

Results and analyses furnished by L. G. Eakins. 


Approximate composition of the mass. Analysis of the Nickeliferous Iron. 
Nickeliferous iron....... 19°40 92°65 
Silicates soluble in HCl_. 36°04 65 
Silicates insoluble in HCl. 38°37 tr 

99°41 


Specific gravity of the mass, 3°804 at 28°5° Celsius. 
Analysis of the siliceous portion, with the magnetic extracted. 


Calc. to 
Soluble in HCl. ‘Calc. to 100 p.e. Insoluble in HCl. 100p.c. 
(1.) (2.) (3) (4.) (5.) 
SiO, ... 17°82 17°82 39°74 Si0o..... 26°49 55°51 
6°01 FeO, equiv. to Al,Os.--. 2°59 5°43 
FeO.... 14:°27-+ 4°67 Fe, required 8:26 18°42 CreO3---- 12 *25 
by S to form FeS 4°49 9°45 
MnO tr | tr 145 3°00 
Bi MgO .... 11°50 24.09 
MgO... 18°28 18°28; 40°77''K.0 ..... 07 15 
Alkalies tr tr Na,0O.... 1°01 2.12 
2°67 [2°678 to form FeS] 
tr tr 47°72 100°00 
53°52 44°84 100-00 
OforS. 1:34 
52°18 


The approximate composition of the mass was got by ex- 
tracting everything possible by an electro-magnet, which took 
out all the nickel iron and a little troilite, leaving the siliceous 
part and most of the troilite. Then the amount of S present 
in the magnetic portion, and that in the siliceous portion, was 
calculated as FeS; the silicates were split into two portions by 
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HCl, and by the weights found in each case, the given approx- 
imate composition was calculated. Under the head of analysis 
of nickeliferous iron is given the analysis of the metallic 
portion after allowing for a very slight amount of attached 
silicates and troilite. 

The analyses numbered from 1 to 5 are the residue left after 
removing all the magnetic material. Column 1 is the part 
soluble in HCl, column 4 that insoluble in HCl; these two 
added together would give the analysis as a whole of the non- 
magnetic portion. Column 2 is the same analysis as 1, after 
removing the 2°67 per cent S and an amount [6°01 per cent] 
of FeO equivalent to the Fe necessary to form troilite with 
the S. Column 3 is the same as 2 calculated to 100 per cent. 
Column 4, as stated, is the analysis of the insoluble portion, 
and 5 is the same to 100 per cent. It is of course probable 
that the Or,O, represents chromite, and possible that the 
alkalies and alumina with a little lime represent a soda-lime 
feldspar. 

The thanks of the author are due to Mr. L. G. Eakins for 
the analysis and results furnished, and to Professor F. W. 
Clarke for his courtesy and assistance by having the analyses 
made in the U. S. Geological Survey Laboratory. 


8. On the Meteoric Stone from Ferguson, Haywood County, 
North Carolina. 

Mr. W. A. Harrison, of Ferguson, Haywood County, North 
Carolina, says: that about six o’clock on the evening of July 
18, 1889, he noticed a remarkable noise west of him, and that 
fifteen minutes later he saw something strike the earth, which, 
on examination, proved to be a meteoric stone, so hot that he 
could scarcely hold it in his hand five minutes after it fell. 
Two-thirds of its bulk was buried in the earth when found. 
This stone was sent to the writer and was unfortunately lost in 
New York city during the month of December. The stone 
was slightly oblong, covered with a deep, black crust, which 
had been broken at one end, showing a great chondritie struc- 
ture with occasional specks of iron. Its weight was about 
eight ounces: and it very closely resembled the meteoric stone 
from Mocs, Transylvania. It remained in the writer’s posses- 
sion so short a time that it was not properly investigated, 
but still the mere mention of a fall which had been so care- 
fully observed is thought to be well worthy of publication. 


4. Meteoric Iron from Bridgewater, Burke County, North 
Carolina. 

The Bridgewater, Burke County, meteorite was found by a 

negro plowman, two miles from Bridgewater Station, in the 
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western part of Burke County, near the McDowell County 
line in North Carolina, latitude 35° 41’, longitude 81° 45’ 
west of Greenwich. The negro thought that it must be either 
gold or silver, from its weight, and took it to some railroad 
laborers, who broke it in two pieces, one of which weighs 
ten and a half pounds, and the other eighteen and a half pounds, 
together 30 pounds, equal to 13°63 kilos. It measures 22$x15 
xl0 em. [9x6x4 inches.] [See fig. 1]. 


Traces of black crust very much oxidized are still visible on 
the surface. The iron is highly octahedral in structure, and 
the mass was readily broken by the laborers who found it. 
Between the cleavage plates schreibersite is visible. On etch- 
ing a polished surface of this iron with dilute nitric acid, the 
characteristic Widmanstiitten figures were 
shown, (see fig. 2). The iron belongs to the 
caillite group and resembles those of the 
Cabin Creek and Glorietta Mountain in 
structure. The specific gravity of a frag- 
ment was found to be 6617. The following 
analysis was kindly furnished by Professor 
F. P. Venable of the University of North Carolina. 
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The nickel is the mean of two determinations, 9°74 and 
10°14, on different parts of the sample: the cobalt also of 
two determinations, ‘85 and ‘67. The iron is the mean of 
four determinations, some of which were not very closely 
agreeing, as the crust could not be entirely removed from the 
samples taken. The phosphorus and chlorine are single de- 
terminations. The author takes great pleasure in thanking 
Mr. T. K. Brunner for his courtesy in obtaining the informa- 
tion and the iron for him, and also Professor ¥. P. Venable 
for furnishing the analysis. 


5. Meteoric Iron from Summit, Blount County, Alabama.* 


This mass of meteoric iron was found near Summit, Blount 
County, Alabama, latitude 33° 41’, agree 86° 25’ west of 
Greenwich, in Fraction A, Section 2, Township 10, Range 1, 
east, by a six-year-old negro girl who used it to crack hickory 
nuts. °Its great weight excited some curiosity, and her brother 
sent it to Mr. St. John, of Summit, and through the courtesy 
of Professor Eugene A. Smith it passed into the possession of 
the writer. It measures 12°5x5x7‘5 centimeters [5x2x3 inches] 
and weighs one kilogram [2 2 pounds]. 


This meteorite contains a large quantity of free chloride of 
iron [Lawrencite] which from time to time has formed in beads 
on the surface. It showed only a slight 
trace of the original crust and was almost 
completely oxidized ; and on etching a 
polished surface of this iron with nitric 
acid no Widmanstiitten figures were de- 
veloped, but instead a fine marking 
similar to that of the Linnville Moun- 
tain, N. C., meteorite. The specific gravity of a fragment was 
6949. The following analysis was kindly given by Professor 
F. P. Venable of the University of North Carolina’: 


* Trans. N. Y. Acad. Sciences, Jan. 27, 1890. 
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99°90 


The iron is the mean of three fairly’ agreeing determinations, 
the nickel of two determinations, 5°61 and 5°63, the cobalt of 
two determinations, and the phosphorus is a single determina- 
tion. 

We take great pleasure in thanking Professor Eugene A. 
Smith for his assistance in obtaining the iron, and Protessor F. 
P. Venable for furnishing the analysis. 


Arr. XLITI.—On the determination of the coefficient of cu- 
hical eapansion of a solid from the observation of the 
temperature at which water, in a vessel made of this solid, 
has the same apparent volume as it has at 0°C.; and on 
the coefficient of cubical expansion of a substance deter- 
mined by means of a hydrometer made of this substance ; 
by ALFRED M. Mayer. 


[Read before the National Academy of Sciences, at Washington, April 21, 1886.] 


-The curve W of Fig. 1 shows the absolute expansion .of 
water. The unit of abscissee of this and the other curves is 
1° ©., the unit of ordinates is ;g4,, of the unit of volume of 
the water, this unit of volume being at 0° C. The curve 
G shows the apparerit expansion of water in a glass vessel, and 
curves 8, C, B and Z are the respective curves of the apparent 
expansion of water in steel, copper, brass and zine vessels. 
The curve W cuts the axis of X at 8°4 centigrade; G at 
11°7; S at 12°°8; C at 15°'3; B at 16°3; Zat 21°5. These 
points of intersection correspond to the following coefficients 
of eubical expansion; for G, ‘000025; for S, 000033 ; for C, 
00005 ; for B, 000056 ; for Z, 00009. 

Let us consider the curve G. The curve goes below W be- 
cause water contracts from 0° to 4°, and the glass vessel by 
expanding adds to this fall of the water. Beyond 4° the water 
expands more than the glass and at 11°-7 the expansion of 
the water from 0° to 11°-7 equals the expansion of the glass 
through the same range of temperature, and the curve G cuts 
the axis of X at 11°°7. Therefore, to obtain the cubical! 
expansion of the glass, or of any other substance forming the 
vessel, we have merely to determine the temperature at which 
water has the same apparent volume that it has at 0° C., and 
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at this temperature on the axis of X we measure the ordinate 
of the curve of the absolute expansion of water, and this 
ordinate gives in volume the expansion of the vessel in the 
determined range of temperature. | 

The second method of determining the coefficient of cubical 
expansion is that of floating a hydrometer, formed of the sub- 
stance whose coefficient we would determine, in water at 0° C. 
and then gradually heating the water till the hydrometer floats 
to the same depth it did when the water was at 0° C’.. Calling 
W the weight of the hydrometer, and V>, Dy, V, and D, the 
respective volumes and densities of the water at 0° and ¢°, we 
have V,»D,=W, and V,D,=W, and if V_ and D, equal unity 
we have V,=1 D,, or, the volume at ¢° is the reciprocal of 
the density at ¢°, which is the same as if we took V, directly 
from the curve of the absolute expansion of water. Thus, 
by having the true curve of the absolute expansion of water, 
one may determine by either of the two methods just de- 
scribed, the coefficient of cubical expansion of a solid without 
measures of volume, of weight or of linear dimension. 

We will now describe the apparatus 
used, give some measurements made with it 
and discuss the accuracy of the methods. 
Fig. 2 is the brass vessel used. It is a 
cylinder 25:4 ems. long and 6147 ems. inte- 
rior diameter. A glass tube ‘203 em. diame- 
ter of bore is connected with the interior of = & 
the cylinder as shown in Fig. 4. Into a 4 
brass tube shown black in the figure is ce- 2 
mented the glass tube. The lower opening 
of these tubes, A, is ground into acone. The 
shoulder of this tube A rests on a thin leather 
washer on the top of the tube B. A screw- 
cap forces the tube A into close contact with 
Bb. This mariner of attaching the glass tube 
tu the cylinder was devised for convenience 
in our experiments, but the glass tubes may 
be directly cemented into the cylinder and 
thus do away with the inner tube and screw- 
cap. 

The cylinder is nearly filled with distilled 
water and a rubber tube is led from the tube 
of the cylinder into a vessel holding boiling 
water. The water in the cylinder is boiled 


fora half hour and then the heat is with- B 
drawn. As the steam condenses the vessel fills with water. 
The apparatus is allowed to cool down to the temperature of 
the room. ‘I'he cylinder and glass tube is now surrounded with 
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ice, and when the level of the water in the tube has remained 
stationary for 15 minutes it is marked by pasting on the tube a 
on of thin tracing paper on which is drawn in ink a very fine 
ine. This line is made tangent to the meniscus of the water by 
the aid of acathetometer. The ice is now replaced by cold water 
which is slowly heated. When the temperature had reached 
8° C. the volume of water (in this special apparatus) had fallen 
11 ems. below the level it had at 0°. It then slowly rose till at 
15°°9 C. it reached the level it had at 0°. The temperature of 
the air of the room was above 15°9. When the water was 
raised to 12° it was allowed, under constant agitation, slowly 
to reach 15°'9. To be sure that this was the temperature of 
the water inside the vessel the water outside was kept at this 
temperature by adding from time to time small portions of cold 
water. The water level remained the same for 10 minutes. 

Referring to a curve of absolute expansion of water (drawn 
to the scale of 1 mm. = zy y'sa7 Of unit of volume) we find that 
the ordinate of 15°-9 is 1:000853, which is the cubical expan- 
sion of the brass caused by heating it from 0° to 15°-9, and 
000853 divided by 15°-9 gives ‘00005364 the coefficient of 
cubical expansion of brass of the following composition: cop- 
per, 78°5 per cent; zine, 21°05; lead, 0:25; tin, 0°15. 

The delicacy of the method depends on the relative dimen- 
sions of the vessel and tube. In the apparatus just described 
the interior diameter of the vessel is 6°147 cms; its length 
25°4ems; the bore of the tube is ‘203 in diameter; hence 

2 
bes x 25-4) + 1000=23°589, the length in ems. that the 
level of the water changes for a change of ;,/;7 in the volume 
of the cylinder, and a change of ;y554y57 Of the volume equals 
em., or ‘23 mm., of motion of water in the tube. From 
the curves of apparent expansion of water in vessels of the 
following named materials we find that a change of 0°10 in 
the water at the temperature when the water has the same 
apparent volume as at 0° equals a change of volume given 
opposite the respective materials forming the vessels as follows : 

+ 0°11 C. causes a change of apparent volumes of ‘000008 in a glass vessel. 

000010 ‘* copper “ 
“ “ 000011 “ brass 
“ “ “ 000013 “ zine 

From above data we compute that with a cylinder, or bulb, 
and tube of the same dimensions as those of the brass vessel 
and tube described, 


+ 0°:1 C. causes a motion of 1°84 mm. in a similar vessel of glass, 
‘ 


steel. 
2°30 * = copper. 
“ 2°53 “ brass 


“ 2°99 zine, 
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The cathetometer readily detects and measures a motion of 
3 mm. ; so it appears that a change of temperature of 74,° 
causes a change in level of water in the tube which can observed. 
The thermometer, however, was read only to 345°. 

It remains to examine into the effect of the glass tube at- 
tached to the metallic vessel. This tube is necessary in order 
to observe the level of the water, but to get a rigorously correct 
observation the vessel and tube should be of the same substance. 
The effect of replacing the glass tube by a similar one of the 
same material as that of the vessel is readily calculated and is 
found to be a quantity that may be neglected. Thus in a brass 
tube 50mm. long and 2°03mm. in diameter the level of the 
water at the higher temperature of 16° will stand 014mm. 
lower than in a glass tube of the same dimensions, and at 21°5 
the water will be ‘05 mm. lower in a zine tube than 
in one of glass. 

The coetticient of cubical expansion of glass was 
determined by means of a spherical vessel of 12 em. 
diameter with a tube of 2°5mm. interior diameter. 
The level of the water in this vessel was the same at 
11°-75 and at 0°. The volume of water at 11°°75 is 
1-008 and 50.222 = 0000255 the coefticient of cubical 3 
expansion of this kind of glass. Kopp gives 000024 
and ‘000026 as the coefticients for a similar soda glass. 

The coefficient of expansion hydrometer was used 
to determine the coefficients of expansion of brass 
and of hard rubber, or ebonite. The hydrometer, fig. 
3, was made of the same kind of brass as that form- 
ing the cylinder used in the determination of this 
coefficient. The cylinder of the hydrometer is 25°5 
em. long terminated by cones. Its diameter is 7°3 
em. The stem of the hydrometer is a brass tube of 
2mm. exterior diameter. The hydrometer of hard 
rubber is a cylinder 21°5 em. long and 6°5 em. in di- 
ameter with a stem 2 mm. in diameter. To float 
these hydrometers in water at 0° and at a higher 
temperature, a pointed rod, as shown in the figure, 
was used. This point, by just touching the surface 
of the water, showed the depth of flotage. These 
hydrometers were made to float in water at 0°, with 
their index-points just touching the surface of the 
water, by loading them with fine shot. The water was then 
slowly heated and it was found that the brass hydrometers 
floated to the same depth at 0° and at 15°85, and the hard rub- 
poe hydrometer had the same depth of flotage at 0° and at 
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= 0000533, the coefticient of cubical expansion of the bre 
The previous determination with the brass cylinder gave 
0000536. 

The volume of water at 38°55 is 100697, and “$9897 = 
‘0001808, the coefficient of expansion of hard rubber. Mer- 
eury has at 30° a coefficient of ‘0001805. Hard rubber has 
the greatest coefficient of any solid. To show on the curve of 
apparent expansion of water in a vessel of hard rubber its 
points of intersection of the axis of x, on the scale of fig. 1, the 
axis of « would have to be extended ;4; of its present length. 

These determinations with the hydrometer have the advan- 
tage of those made by observations on the volume of water 
contained in a vessel, because the metal of the hydrometer 
changes its temperature with that of the water, which is not 
the case with the vessel filled with water, whose temperature 
lags behind that of the outside water. This makes the obser- 
vation on the upper temperature of the water in the vessel 
tedious and not precise unless the precautions are taken which 
we have already mentioned. 

The accuracy of this method of determining the mean coef- 
ficient of expansion of water, in the determined range of tem- 
perature, depends on having the water in the vessel and the 
substance of the hydrometer at the same temperature as the 
water surrounding these bodies. This can be obtained to 35° C. 
In the ease of a vessel filled with water we have already stated 
the precautions necessary. The hydrometer is floated in water 
at 0° by surrounding with ice a vessel holding water which has 
already been cooled to 0° and from which the floating ice has 
been removed. 

The accuracy, however, of this method depends essentially 
on having the true curve of the absolute expansion of water 
between 0° and 30°. It is not possible to say to what approxi- 
mation we have this true curve; but that it is quite close may 
be inferred from the following account of how Rossetti pro- 
jected a curve which is the best we have at present. 

Prof. F. Rossetti describes his experiments and the manner 
of obtaining the curve in the Atti dell’ Instituto Veneto, vol. 
xiii, 3 series, 1868. Rosetti’s new determination of the volume 
of water at various temperatures between —6° and 100° were 
made with every precaution to ensure accuracy. He then 
combines the results of his experiments in a curve projected 
according to the method of Schiapparelli.* He then combined 
his results, thus reduced, with those of Depretz (1839); Kopp 


SS. 


The volume of water at 15°°85 equals 1:060845, and 
a 


* Schiapparelli, Sul modo di ricavare la vera expressione dellé leggi della 
natura dalie curve empiriche; Nuovo Cimento, Tomo xxv, 1867; e Tomo xxvi, 
1867. 
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(1847); Pierre (1845-52); Hagen (1855); and Matthiesen 
(1866). These six series of determinations were also combined 
by the method of Schiapparelli and the resultant curve Ros- 
setti adopted as the most accurate attainable from existing 
data. From this curve, in which 1 mm. of ordinate equalled 
saure Of the volume of water at 0° C., he obtained the fol- 
lowing formula which represents the curve quite closely. 
V, = 1+a(t — 4)? — d(t — + e(t — 4)’ 

when 
= 00000837991 ; 6 = 000000378702 ; ¢ = 0000000224529. 

From Rossetti’s table of the relations of the volume, density 
and temperature of water we extract the following data which 
are all that will be required in their application to our method 
of determining the coefficient of cubical expansion. 


Temp. C°. Volume. Temp. 6°. Volume. Temp. C°. Volume. 
0 1006000 14 1:000572 28 1003553 
“999943 15 1°000712 29 1°003835 
2 “999902 16 1:000870 30 1°004123 
3 “999880 17 1:001031 31 1:00442 
4 “999871 18 1°001219 32 100473 
5 “999881 19 1:001413 33 1°00505 
6 “999901 20 1001614 34 1°00538 
7 “999938 2] 1°001828 35 1:00572 
8 “999985 22 1002049 36 1:00608 
9 1:000047 23 1-002276 37 100645 

10 1000124 24 1:002511 38 1:00682 
1:000216 25 1:002759 39 1:00719 
12 1000322 26 1003014 40 100757 
13 1000441 27 1:003278 


Stevens Institute of Technology, Hoboken, N. J. 


SCIENTIFIC INTELLIGENCE. 


I. Puysics. 


1. Steam Calorimeter.—K. Wirtz has modified the steam 
calorimeter of Bunsen and Jolly and has shown how the method 
of these investigators can be employed to measure the latent heat 
of vapor of substances with low boiling points. A weighed 
amount, G, of the substance is vaporized in the steam of the 
calorimeter. Heat is withdrawn from the steam and a portion of 
the latter is condensed. Calling w the weight of the condensed 
steam, A the latent heat of steam, the latent heat, Q, of the 
vapor of the substance between the temperature before it is put 


into the calorimeter and its boiling point will be Q=>- The 


author discusses the sources of error. The results obtained by 
him are in general smaller than those obtained by Regnault, 
Person and Andrews. ‘This failure of agreement is attributed 
by the author to the use of impure substances by the previous 
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observers. As an illustration of the effect of impurity of sub- 
stance he instances ethyl ether; distilling this substance over 
sodium a loss of only 0°7 of one per cent resulted, whereas there 
was a diminution of five per cent in the value of the latent heat. 
—Ann. der Physik und Chemie, No. 7, 1870, pp. 488-449. J. 7. 

2. A Mountain Magnetometer.—O. E. Mryrr has adapted 
the method of observation employed by Kohlrausch with the 
variometer to a new instrument. Both the movable needle and 
the controlling magnet move in a vertical plane instead of in a 
horizontal one. The instrument is thus a species of dipping 
needle or a vertical variometer. The author finds it well adapted 
to observing the attraction of large masses of rock, and to not- 
ing changes in the magnetic field in various parts of observatories 
and laboratories caused by variations in the magnetic condition 
of the materials of which these buildings are constructed. Ob- 
servations with this new instrument show that large variations 
frequently observed in buildings can be attributed as much to 
change of direction of the magnetic force as to change in total 
value. The instrument is constructed by W. Siedentopf, Univer- 
sity Mechanic in Wiirzburg.—Ann. der Physik und Chemie, 
No. 7, 1890, pp. 489-504. J. 7. 

3. Velocity of Transmisison of Electric Disturbances.—Max- 
well’s theory of light demands that the velocity of transmission of 
electric disturbances along a wire should be equal to the velocity 
of light through the dielectric surrounding the wire. The velocity 
is thus determined by the surrounding dielectric in which the 
energy resides. Professor J. J. Tomson has made a number of 
experiments upon this subject and finds that the velocity of elec- 


tric disturbances along wires surrounded by air is 1°7 times the . 


velocity along the wire surrounded by sulphur. Experiments 
showed also that the velocities along wires surrounded by air, 
paraffin and sulphur are approximately proportional to the recip- 
rocals of the square roots of their specific inductive capacities. 
The velocity of propagation of a rapidly alternating current along 
an electrolyte surrounded by air was found not to differ much 
from the rate along a wire. Experiments with a vacuum tube 
fifty feet long and a revolving mirror showed that the velocity 
of discharge through the rarefied gas was comparable with the 
velocity of light. ‘The experiments on the rate of propagation of 
electric disturbances lead one to regard the conductor as merely 
guiding the discharge, “the correlation between the ether and the 
conductor compelling the discharge to travel along the latter with 
the velocity of light.” Professor Thomson then discusses the 
application of his observations to the theory of electric striz in 
vacuum tubes.— PAil. Mag., Aug. 1890, pp. 129-140. J. T. 
4. Phosphoro-photographs of the ultra red.—EK. Lome. has 
taken up anew the method of Becquerel of observing the solar 
spectrum in the ultra red by means of phosphorescent substances. 
The spectrum is received on a surface covered with Balmain’s 
paint. A dry photographic plate is then laid upon the phosphor- 
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escent image and a photograph can be taken as far as wave-length 
A=950. Photographs were taken both by the prism method and 
by Rowland’s concave grating.—Ann. der Physik und Chemie, 
No. 8, 1890, p. 681. J. 7. 

5. Photography of Oscillating Electric Sparks.—-This has 
been accomplished hitherto by a revolving mirror or a revolving 
lens which spreads out the image of the ‘spark, Professor Boys 
employs six lenses placed on a brass disc, on different radii. The 
disc revolves at a high rate of speed. The spark is formed on 
one side of the dise and a photographic plate is placed upon the 
other side.—— Phil. Mag., Sept. 1870, pp. 248-260. 4. 

6. Electrical Discharges in Magnetic Fields.—The_ experi- 
ments of M. A. Wirz upon the action of magnets on electrical 
discharges in Geissler tubes leads him to believe that this action 
is due to a variation in the capacity of the tubes. They, become 
true condensers and their illumination is the result of an oscilla- 
tory discharge of the same order as that of a Leyden Jar, of 
which the period T is a function of the capacity C of the jar, and 
of the coefficient L of self-induction of the conductor of small 
resistance, T=7/CL. A variation of the capacity C would thus 
modify the vibratory state of the gas and would be the cause of 
the differences observed in the luminous phenomena in intense 

magnetic fields. —Wature, Aug. 14, 1890, p. 384. 

7. Molecular Theory of Induced Magnetism. —Professor Ew- 
ING states in a summary to an article on this subject his convic- 
tion of the truth of the molecular theory of induced magnetism, 
which is Weber’s theory in a modified form. Perhaps the most 
important conclusion drawn is this, “That magnetic hysteresis 
and the dissipation of energy which hysteresis involves are due to 
molecular instability resulting from the intermolecular magnetic 
actions, and are not due to anything in the nature of frictional 
resistance to the rotation of the molecular magnets.”— Phil. Maq., 
Sept. 1890, pp. 205-222. J.T. 

8. Note——Error in Maxwell, vol. ii, § 544. Corrected by a 
second fault so that final result is correct,— Nature, 35, p. 172, 
1886. 

9. The Elements of Laboratory Work. A course of natural 
science; by A. G. Eart, M.A., F.C.S. 177 pp. London, 1890 
(Longmans, Green & Co.).—This is an introduction to work in 
the physical laboratory, dealing with the fundamental phe- 
nomena and laws. These are taken up in such a manner and 
order of sequence as to lead the student to a knowledge of the 
principles involved rather than the details of manipulation. 
Some of the chapters consider the measurement of quantity of 
matter, observations of change of position, of changes of tempera- 
ture, of natural changes exhibited by all kinds of matter and by 
certain kinds of matter—the former bringing in the idea of 
gravitation, ete., the latter of electric and magnetic stress. Fur- 
ther, an investigation of various kinds of matter, observations 
leading to the theory of the ether, ete. 
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Il. GroLoGy AND MINERALOGY. 


1. Notes on the meeting of the Geological Society of America 
at Indianapolis. (From a letter to one of the editors.)—The 
summer meeting of the Geological Society was held on Tuesday, 
Aug. 19, Vice-President Alexander Winchell, in the absence of 
Prof. Dana, taking the chair. Eight papers were read in the 
course of the three sessions of the day. Mr. W J McGee gave 
an account of the Appomatox formation in the Mississippi embay- 
ment. He admitted that the formation traced to the Mississippi, 
became identified with the Lagrange formation of Safford and 
was equivalent also with a part of the Orange sand of Hilgard. 
Dr. Safford, who was present, expressed his willingness to surren- 
der the name Lagrange; but it was questioned by others whether 
the law. of priority should not hold. 

Prof. C. H. Hitchcock gave an account of the Redonda phos- 
phate occurring on Redonda, one of the Leeward islands of the 
Caribbean sea—first described and analyzed by Prof. C. U. Shep- 
ard (American Journal of Science for 1869 and 1870), making 
it a hydrous iron-alumina phosphate. He stated that it overlies 
and penetrates irregularly a basic lava, and is interstratified 
with it. It was originally covered with a bed of guano. Prof. 
Hitchcock expressed the opinion that it was of igneous origin, 
which was contested by Mr. N. H. Winchell, who regarded a 
guano origin as most probable. Mr. E. W. Claypole presented a 
paper on “The Continents and the deep seas.” 

Prof. C. L. Herrick discussed ‘The Cuyahoga shale and the 
Waverly problem,” distinguishing three horizons in the Waverly 
—the upper corresponding to the Keokuk and Burlington; the 
middle, to the Kinderhook ; and a lower represented by the Berea. 
The Bedford shale was made Devonian.—N. H. Winchell pre- 
sented a paper on the Taconic area of Minnesota and western 
New England, making out five horizons of iron ores in Minnesota 
—namely, in descending order, (1) The hematite and limonite of 
the Mesabi, represented by the Penokee-Gogebic Range, the ores 
originally iron-carbonate; (2) Titaniferous magnetite, associated 
with the great Gabbro range; (3) Siliceous magnetite, at the base 
of the gabbro; (4) The hematite and magnetite of the Kewatin, 
as at Vermilion Lake and Ely; and (5) The ores of the crystalline 
schists. 

Prof. H. 8. Williams discussed the question—What is the Car- 
boniferous System? Mr. A. Winslow described the Geotechtonic 
and Physiographic geology of western Arkansas. 

Mr. McGee read a paper by Lawrence C. Johnson on the Nita 
Crevasse on the Mississippi. It was stated that this crevasse was 
the most extensive that had been opened for many years. Through 
it an immense volume of water escaped into the lakes—a volume 
not yet accurately measured, but probably equal to that of the 
Missouri during flood, or that of the Delaware, Susquehanna, 
Potomac and James rivers. The effect of this vast volume of 
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fresh water was to transform the previously brackish lakes and 
saline bays into fresh-water lakes and estuaries. But the result, 
which it was the special purpose of the communication to bring out, 
was the destruction of the salt-water fauna and the substitution 
of fresh-water and mud-loving fauna over an immense area. 
During the recent year an important industry of the gulf coast 
about the outlets of the lakes mentioned was oyster fishing, but 
the oyster beds all along the coast have been injured and in many 
cases destroyed. The sea-fishery region has also been ruined, and 
the pickerel and other characteristic fishes of the Mississippi may 
now be taken where four months ago only salt-water forms were 
found. This transformation in the fauna of the region is of im- 
mense economic importance. Valuable industries have been de- 
stroyed; prices of standard commodities in New Orleans and 
other Southern cities have been affected. Of even greater scien- 
titic interest is the transformation, for it illustrates a transition 
from a marine to a fresh-water fauna over hundreds of square 
miles effected within a few weeks. Hitherto the geologist em- 
ployed in the lower Mississippi region has been puzzled to account 
tor sudden transitions from fresh-water to salt-water deposits, and 
vice versa; but there is here a modern example of as wide extent 
as in all those which have hitherto embarrassed the student. 

.The reading of geological papers was continued before the 
American Association then in session. A list of the papers is 
given beyond, on pages 339, 340. 

2. Making of Icebergs.—Mr. Henry B. Loomis, of Seattle, was 
at the Muir glacier for nearly seven weeks this summer, with Prof. 
John Muir. In a description of the visit (which mentions the 
unfortunate feature of 20 days of almost continuous rain) he gives 
the following account of the making of icebergs at the terminal 
wall of the glacier.—Blocks of ice, some of them of enormous size, 
fall off from this wall at frequent intervals. The falling of the 
bergs is very irregular; at times a berg is discharged as often as 
every five minutes, at another time you may wait an hour with- 
out seeing one fall. On one day, during twelve hours, we counted 
129 thundering reports, loud enough to be heard at camp, a mile 
or more from the falling bergs. During some days and nights, 
especially during a heavy rain, we were reminded of a cannon- 
ade or thunder-storm, and the ground beneath us seemed to trem- 
ble. Sometimes a huge block breaks off, crumbles into a million 
fragments, and, leaping like a catract, falls gracefully into the bay 
with a long thundering noise, scattering around the white and 
mealy spray which glistens in the sunlight, and making the water 
below boil with foam. Another enormous block is discharged, 
and, without breaking, sinks in an upright position into the water, 
causing a low, thundering noise; then it rises again, sometimes 
250 feet, even with the top of the wall of the glacier, while the 
water rolls off its top like a cascade; then the berg topples over 
gracefully on its side and plunges into the water with a heavy, 
thundering roar, like the sound of artillery or of thunder, and the 
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spray is shot in every direction, falling like a myriad of comets 
or descending rockets—the spray itself often rises as high as the 
top of the terminal wall; and frequently we have seen such an 
iceberg, after falling, wallow about in the water among the other 
icebergs like a huge monster. Now and then a bowlder falls 
with a thud. When a large iceberg falls, a series of large 
waves, like rings, spread themselves around the center of disturb- 
ance, and soon gracefully roll or leap, in spiral form, upon the 
beach close to our camp—a mile away; and when the inlet is 
filled with floating icebergs there is great commotion. 

3. On Sandstone dikes in California ; by J. Ditter. Bull. 
Geol. Soc. of America, i, 411, 1890. —Mr. Diller describes in this 
paper a number of dikes, resembling closely ordinary trap-dikes, 
but consisting of sandstone, made chiefly of granitic material, 
intersecting sandstones and ‘shales of the Cretaceous group, on 
the northeastern portion of the Sacramento valley. They have a 
general parallelism, but vary in strike from N. 20° E. in the 
southwestern part of the region in which they occur to N, 70° E. 
in the northwestern. They are from a mile to less perhaps than 
a hundred yards in length, and occupy joint-fissures in the rocks. 
Very beautiful engraved plates illustrate finely the forms and 
positions of the dikes. The author discusses their origin at length 
and attributes the fractures to earthquakes, and gives reason for 
believing that they were filled from below. He observes that 
if we regard these dikes as earthquake phenomena their gentle 
curvature may indicate their relation to the center of disturbance 
far to the southeastward in the Sacramento Valley. 

4. Annual Report of the Director of the U. 8. Geological 
Survey for 1886-87, vol. viii in two parts, 1060 pp. with maps 
and other illustrations. —Of the Memoirs that make the body of 
this very valuable Report those of I. C. Russell, Lester F. Ward 
and G. F. Becker have been already noticed in this Journal. The 
others are on the Lassen Peak District, by J. 8S. Ditter; The 
Fossil Butterflies of Florissant, by 8. H. Scupper; The Trenton 
Limestone as a source of Petroleum and Inflammable Gas in 
Ohio and Indiana, by Epwarp Orton; The Geology of Mount 
Desert Island, Maine, by N.S. Suater. The Report contains 76 
plates besides a large number of figures in the text. 

5. Hawaiian volcanoes. —(1) Notes Jrom Wau. T. Brienam, in 
a letter dated Honolulu, August 26th, 1890.—I have just returned 
from Puna, Kilauea, Mauna Loa and Mauna Kea. The latter 
mountain has been covered with snow on the upper region to a 
greater extent this summer than for many years : hence we found 
the tarn Waiu at the summit platform, or at the base of the 
terminal cinder cones, quite full; indeed two springs were flowing 
in on the northeast corner, while a brook of some volume flowed 
out on the western side. The principal cone was bare externally, 
except at the very base, but its crater was nearly filled with 
snow. At Mokuaweoweo the steam and sulphur fumes are 
abundant in many places. The vapor has been frequently visible 
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from the shore. At Kilauea I found Dana Lake had decreased 
since last March about one-third, but was active, while fire has 
appeared to the south but still in the area of depression. Several 
sharp earthquakes have occurred at Hilo, and one of several dis- 
tinct shocks was felt by me in northern Hawaii, at Waimea, as a 
long continuous rumble: at Laupahoehoe on the eastern shore 
the shocks were more distinct than at Kau in the soutbern part 
of the island. The time of transmission from Hilo to Laupahoe- 
hoe, four miles north, was estimated by telephone at 5”. 

(2) Notes from Ernest E. Lyman, on an ascent to the summit 
of Mt. Loa, in a letter dated Hilo, August 20.—Since Mr. Lyman’s 
former visit to the summit crater in 1888, part of the eastern 
wall, near “ Pendulum Peak,” twenty-five yards wide and over a 
hundred long, had settled thirty feet or more. His descent to 
the bottom of the crater, on August 7th (Thursday) was here 
made—the distance down by estimate about four hundred feet. 
Steam was rising over the bottom from a number of spots not far 
from the base of the western wall, through the length of the 
crater, but the amount had diminished greatly since 1888. No 
other marked changes were observed. Having made his descent 
to Kau, he learned that on Wednesday night a dozen earthquakes 
had been felt there, and more severely at Hilo and in Puna, where 
stone walls were thrown down. At Kilauea three were felt and 
changes took place in Halemaumau. On the summit, nothing of 
the earthquake was felt by him, but his guide reported in the 
morning his hearing “a groaning in the ground.” 

Mr. Lyman collected specimens from the layers of lava consti- 
tuting the walls of the summit crater, which, after being studied, 
will be reported upon by Professor E. 8. Dana, with further cita- 
tions from his letter. 

6. Brief notices of some recently described minerals.—N KOTE- 
sirE.—A hydrous silicate of manganese and magnesium occurring 
with tephroite at the manganese mines in Grythyttan parish, 
Oerebro, Sweden. It is massive, cleavable and resembles red 
orthoclase. Hardness=5-5°5. An analysis gave: 


SiO. 29°50 MnO 40°60 Mg 20°05 FeO H.0 985=—100 


The general formula is R,SiO,+H,O, or a hydrated tephroite. 
—L. J. Igelstrém in Jahrb. Min., i, 257, 1890. 

CirtytTE.—A supposed silico-phosphate of calcium oceurring in 
the chalk at Ciply, and elsewhere in Belgium, associated with 
phosphorite. It has not been fully described.—J. Ortlier, ref. in 
Bull. Soe. Min., xiii, 160, 1890. 

Puotiwouire (Folidolit)—A mineral allied to the chlorites, 
from Taberg in Wermland, Sweden. Occurs in small tabular 
twinned crystals of a grayish yellow color and pearly luster. 
Specific gravity 2408. An analysis gave: 


SiO. MgO FeO MnO K,0 
49°78 6°31 27°94 4:08 0°12 5°93 549=99°65. 
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The formula deduced is K,O0, 12(Fe, Mg)O, Al,O, 13Si0,+5H,O. 
—G. Nordenskidld in Geol. Fir. Forh., xii, 348, 1890. 
KaisorirE.—A hydrous borate of magnesium and potassium 
oceurring with pinnoite, which it closely resembles, near Aschers- 
leben, Prussia. It is massive with granular structure, and spe- 
cific gravity=2°05, An analysis gave: 
57°46 MgO 12°06 K,0 6°48 24:00=100 


—W. Feit in Chem. Zeitung, 1888, 1889. 

PnospHosIpERITE.—A hydrous ferric phosphate described by 
W. Bruhns and K. Busz as occurring at the Kalterborn mine 
near Kiserfeld. It is orthorhombic and appears in prismatic crys- 
tals, tabular parallel to the brachy-pinacoid. Hardness=3°75, 
specific gravity =2°76. Color peach-blosson red or reddish violet. 
An analysis gave : 

P.O; 38°85 Fe.03 44°30 17°26=100°41 


This corresponds to 4(FePO,)+7H,O, which brings it very near 
strengite, to which it is also allied in form, though the two 
minerals appear to be distinct.—Zeitschr. Aryst., xvii, 555. 

S1GTERITE.—Described by Rammelsberg as a new member 
of the feldspar group. It occurs associated with the eudialyte 
and albite of Sigterd, Norway. Structure granular; color gray; 
cleavage like that of orthoclase, with polysynthetic twinning. 
Extinction on (001) inclined + 34° to 44°, and on (010) + 16° to 
their intersection-edge. Specific gravity 2°600—2°6222, An 
analysis gave : 
SiO, 50°16, Al,O, 28°64, NaO 13°63, 3-96, FeO 1:97, CaO 0:98, MgO 0:16 

ign. 0-42 = 99°92, 
Deducting a little admixed augite, this becomes 
SiO, 50°54, Al,Os, 30°64, 14°58, K,O 4-24 = 100, 


which gives the formula (Na, K), Al,Si,O,,, or that of an anhydrous 
natrolite.—Jahrb, Min., ii, 71, 1890. 

AKERMANITE.—A_ lime-magnesia silicate, containing no alu- 
mina, and belonging to the tetragonal system like melilite, 
with which it is closely related. It is not known in nature but 
has been obtained by Vogt in connection with an important 
series of experiments upon the formation of minerals from fusion. 
—Arch, Math. Nat. Kristiania, xiii, 311, 1890. 


III. MisceELLANEOuS SCIENTIFIC INTELLIGENCE. 


1. American Association for the Advancement of Science.— 
The thirty-ninth meeting of the Association opened at Indian- 
apolis on Tuesday, August 19th, nineteen years after the previous 
meeting at this place, Professor George L. Goodale, of Cam- 

5 mn ee . > 
bridge, President. The address of the retiring president, Prof. 
Mendenhall, discussed in a forcible way some of the relations of 
science to the general public. 
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Washington was selected as the place of meeting in August, 
1891. The officers elected were as follows: President, ALBERT 
B. Prescorr of Ann Arbor. Vice-presidents of the Sections, E. 
W. Hypg, Mathematics and Astronomy; F. E. Nipurr, Physics; 
ht. C. Kepzir, Chemistry ; Tuomas Grey, Mechanical Science 
and Engineering; J. J. Srevenson, Geography and Geology ; 
J. M. Courrer, Biology; J. Jasrrow, Anthropology; 8. Dana 
Horron, Economic Science and Statistics. 

The American Committee of the International Congress of 
Geologists, appointed by the American Association, as explained 
on page 166 of this volume, was discharged. 


Sections A, Mathematics and Astronomy, and B, Physics. 


Ek. H. Moore: The Problem, to circumscribe about a conic a triangle which 
shall be inscribed in a triangle which is itself inscribed in the conic, and a certain 
question concerning two binary cubics. 

J. D. WARNER: A method of testing for primes. 

J. A. BRASHEAR: Recent photographs of the moon by direct enlargement. 
The great Lick Spectroscope. Recent studies in the ultra-violet spectrum. A 
new self-regulating photometer. ; 

FRANK H. BiGeELow: Further study of the solar corona. Terrestrial magnetism. 

C, H. RocKWELL: Some personal experiences on the expedition to Cayenne, 
French Guinea, to observe the eclipse of 22d Dec., 1889. 

CLEVELAND ABBE: Some results of observations made during the recent U. 8. 
expedition to the west coast of Africa. Aberration methods of determining the 
altitudes and motions of the clouds. The marine nephoscope. 

K. D. Preston: Magnetic and gravity observations on the west coast of Africa 
and at some islands in the Atlantic. 

R. 8. Woopwarp: The effects of the atmosphere and oceans on the secular 
cooling of the earth. 

Tuomas GRay: Earthquake and volcanic action in Japan. A new transmission 
dynanometer. Exhibition of seismograph. 

T. C. MENDENHALL: Use of the magnetograph as a seismoscope. New metric 
standards, 

T. RussELL: Prediction of cold waves from Signal Service weather maps. 

F. E. Nipyer: Surface integrals in meteorology. Method of measuring the 
electrical resistance of liquids. 

J. TROWBRIDGE and W. C. SABINE: Electrical oscillations in air. 

A. EK. DoLBEAR: On maximum temperatures. 

Kk. W. Moruey: Determination of the tension of the vapor of mercury at ordi- 
nary temperatures. 

QO, T, SHERMAN: Exhibition of Verns’ photographs in natural colors. 

Kk. W. Moruey and H. T. Eppy: Report on the velocity of light in a mag- 
netic field, 

Wm. A. RoGers: Description of the equal-temperature room in the observa- 
tory and physical laboratory of Colby University. Is thermometry an exact sci- 
ence? Exhibition of a combined meter with subdivisions to 2mm. and a yard 
subdivided to tenths of inches, both being standards at 62 deg. Experimental 
determination of the time required for water to pass from 42° to 72° in a constant 
air temperature. Kvaporation as a distributing agent in a determination of the 
temperature of water. Experimental determination of the rate of change in un- 
derground temperatures at a depth of nine feet by means of a flow of water ata 
constant level. 

E. L. Nicnots and B. W. Sxow: Radiation at a red heat; preliminary note 
on the radiation from zine oxide. 

Ett W. BLAKE: Exhibition of plans and sketch of the new physical laboratory, 
“Wilson Hall,” of Brown University, Providence, R. 1. 
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H. 8. RopGers and THOMAS FRENCH, Jr.: On certain electric phenomena in 
Geissler tubes. 

W. F. Duranp: Magnetic and electric phenomena viewed as manifestations of 
strain. 

E. B. Rosa: The specific inductive capacity of electrolytes. 

G. W. Hove: Discussion of the formulas indicating the work of an electric 
motor. 

A. L. AREY: Plan for a resistance box. 

J. EK. DENTON: On the specific heat of brine near 0° Fahr. 

W. H. Hammon: Observations taken in four balloon ascents. 

D. P. Topp: On a form of pneumatic commutator and its use in the automatic 
operation of physical apparatus. 

F. W. Very: On the phosphoric lamp. 

P. H. VAN DER WeEyYDE: On the advisability of applying the C. G. 8. system 
of modern electricians to the principles of elementary mechanics. 

D. T. Smirn: Flow and friction of fluids in open channels—theory of streams. 

TuHos. FRENCH, Jr.: Actinic action of electrical discharge. 

Morris Lore: Is chemizal action influenced by magnetism ? 

A. TUCKERMAN: Index to the literature of thermodynamics. 

C. A. OLIVER: Description of a series of tests for the detection and determina- 
tion of sub-normal color-perception, designed for use in railroad service. 

WELLINGTON ADAMS: Ampere-meter for feeble alternating currents: the 
Farado-meter. 

ERNEST MERRITT: Note on certain peculiarities in the behavior of a galvanome- 
ter when used with a thermopile. 


Section C. Chemistry. 


H. W. Wier: Knorr’s extraction apparatus. Some new forms of apparatus 
for drying substances in an atmosphere of hydrogen. Apparatus for recovering 
highly volatile solvents. Pine tree sugar (Pinus Lambertiana). Pine tree honey 
dew and pine tree honey. 

H. W. Winey and H, E. L. Horton: On the alkaloidal principles present in 
the seed berries of Calycanthus glaucus. ‘ 

H. W. Witrey and WALTER MAXWELL: Mucilaginous, nitrogenous and dys- 
morphous carbohydrate bodies in the sorghum plant. 

WALTER MAXWELL: On the nitrogenous elements present in cattle food pre- 
pared from the cotton seed meal. On the method of estimation of the fatty bodies 
in vegetable organisms and the behavior of the glycerides and lecithines during 
germination. 

G. L. SPeNceR: Apparatus for evaporating in vacuo. The estimation of theine 
in teas. 

A. KE. DotBearR: On chemism—an inquiry into the conditions which underlie 
chemical reactions. 

A. KE. Knorr: Apparatus for determining solubilities. 

F. W. CLARKE: Experiments on the chemical constitution of the silicates. 

J. L. FLUELLING: Constant ratio between a reducing sugar and the amount of 
copper set free, determined gravimetrically. 

HvuBERT Epson: Preservation of sugar solutions and influence of basic and 
normal lead acetate on analysis thereof. 

H. E. L. Horton: Study of Fehling solution in estimation of sugars. 

H. A. Huston: Action of ammonium citrate on high grade aluminium phos- 
phate. 

K. H. S. Battey: On the minerals constituting « meteorite found in Kiowa 
county, Kansas. 

J. U. Ner: Constitution of Benzoquinone. 

P. C. FREER: The action of sodium on acetone and the constitution of aliphatic 
ketones. 

EK. A. von ScHWEINITZ: Study of the composition of Osage Orange leaves. A 
new ptomaine. Preliminary stucy of the ptomaines from the culture liquids of 
the hog cholera germ. 
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W. E. Stone: Occurrence of the pentaglucoses. Reduction of Fehling’s solu- 
tion by arabinose. Quantitative estimation of the pentaglucoses in the presence 
of other carbohydrates. 

S. B. Newsury: Action of alcohol upon aldehydes, New chemical laboratory 
of Cornell University. 

C. L. SPEYERS: Some thoughts on electromotive force. 

W. O. ATwaTeR and H. B. Gipson: Heats of combustion of certain organic 
bodies. 

H, A. Huston: Analysis of a Lycoperdon. Notes on certain reactions for 
tyrotoxicon. 

F. P. VENABLE: The proper standard of the atomic weiglits. 

E. W. Morey: Determination of the volumetric composition of water. Ratio 
of the density of oxygen and hydrogen. 

W. A. Noyes: Atomic weight of oxygen. Unit for the atomic weights. 

T. H. Norton: Improved forms of gas generators. A constant and easily 
regulated chlorine generator. Derivatives of dinitro-a-naphthol. A soluble com- 
pound of hydrastine with mono-calcium-phosphate. Application of the potassium 
chlorate method for the determination of sulphur to the analysis of horn. Ona 
new method of preparing benzine-sulfonic-bromide, ete. 


Section D. Mechanical Science and Engineering. 


THOMAS GRAY: A new transmission dynamometer. Preliminary experiments 
in the resistance of metals to cutting. Machine for testing tortional stiffness. 
Diagramming apparatus for use in testing materials. Dynamometer for measur- 
ing the resistance of cutting tools. 

Wm. A. RoGers: Construction of a precision screw eight feet in length. Sim- 
ple method of subdividing index wheels into 1,000 parts. 

Wa. Kent: Standard formula for efficiency of steam engines. 

O. T. Beate: New principles of mechanism shown by experiment with spiral 
gears, 

H. C. Jones: Efficiency of locomotive link motion compared to automatic cut- 
off valve gear of modern high speed engines. 

G. M. BoNn: Kffect of internal strains in hardened steel. 

OBERLIN Situ: The principal element of waste in machine shops. 

T. D. Paret: Money value of solid emery wheel. 

J. E. Denton: Use of the locomotive as an apparatus for testing cylinder oils. 
Results of test of performance of 75-ton ammonia-compression refrigerating 
machine. 

W. J. BEALE: Structure of woods as viewed in their cross sections. 

H. F. Duranp: Note on graphical construction of crank effort diagram. 

M. A. Howe: Results of tests of strength of sewer pipe. 

St. Joun Day: A vortex automatic lubricator for high speed shafts, 


Section E. Geology and Geography. 


H. T. FULLER: Preservation of glaciated rocks. 

J. T. Scovett: An old channel of the Niagara river. 

G. W. Hotity: Niagara—a few last words in reply to Mr. G. K. Gilbert's 
history of the Niagara river. 

J. T. CAMPBELL: Local deposit of glacial gravel found in Park county, Ind. 
Topographical evidence of a great and sudden diminution of the water supply in 
the ancient Wabash. 

JOSEPH Moore: Concerning some portions of Castoroides Ohioensis, Foster, 
not heretofore known. 

H. Carrincton Botton: The “Barking Sands” of the Hawaiian Islands. 
Occurrence of sonorous sand on the Pacific coast of the U. S. 

KE. T. Cox: Floridite, a new variety of phosphorite found in Florida. 

W J McGge: The Columbia formation in the Mississippi embayment. 

’ C, A. Wuite: Paleontological and geological relation of closely similar fossil 
forms, 
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THEO. B. Comstock: Crystalline rocks of Central Texas. Geology of the 
Wichita Mountains, Indian Territory. Silurian system and its geanticline in Cen- 
tral Texas and Indian Territory. 

P. H. VAN DER WeyYDE: Glacial action considered as a continuous phenome- 
non, having shifted from one locality to another. 

R. T. Hitt and James 8. Stone: Geology of Indian Territory south of Cana- 
dian river. 

N. H. Wincueti: What constitutes the Taconic mountains ? 

James M. Sarrorp: The formations and artesian wells of Memphis, Tenn. 

T. C. CHAMBERLIN: Progress in morainie mapping. 

ARTHUR WixsLow: Remarks on construction of topographic maps for geologic 
reports. Occurrence of pegmatite in Central Missouri. 

Epwarp Orton: Amount of natural gas used in glass manufacture. 

J. KE. Sreset: Differentiation of subterranean water supplies. 

C. W. Hatt: Some of the qualifying conditions of successful artesian well 
boring in the northwestern States. A notable dike in the Minnesota River 
Valley. 

T. C. Hopkins: Topographic features of Arkansas marbles. 

R. A. F. Penrose, Jr.: The origin of the manganese ores of Northern Arkan- 
sas and its effect on the associated strata. 

L. S. GriswoLtp: The Novaculites of Arkansas. 

EK. W. CLayro.e: Subsidence and deposition as cause and effect. 

H. KE. Pickett and EK. W. Ciaypoue: The recent explosion of natural gas in 
Shelby county, Ind. 

O. A. DerBy: The Bemdego (Brazil) meteorite. New method of searching for 
rare elements in rocks. Genesis of certain magnetites. Nepheline-bearing rocks 
in Brazil. 


Section F. Biology. 


SERENO Watson: Relation of the Mexican flora to that of the United States. 

J. M. Covtrer: Distribution of the North American Umbelliferze. Distribu- 
tion of North American Cornace:. 

STANLEY COULTER: Forest trees‘of !ndiana. 

J. N. Rose: Notes upon plants collected by Dr. Ed. Palmer at La Paz, Lower 
California, in 1890. 

W. P. Witson: The development and function of the so-called cypress- 
“ knees,” with a consideration of the natural habitat of the tree. 

H. L. Bottey: Potato scab, a bacterial disease. 

N. L. Brirron: Preliminary note on the genus Rhynchospora in North America. 
Rusbya, a new genus of Vacciniacez from Bolivia. Notes on a monograph of 
the genus Lechea. The general distribution of North American plants. 

Burt G. Winper: Lack of the distance sense in the prairie dog. Exhibition 
of diagrams illustrating the formation of the human sylvian fissure. 

G. S. Hopkins: Structure of the stomach of Amia calva. 

T. B. Spence: Support for the Chorda tympani nerve in Felide. 

Herbert Osporn: Kxternal termination of the vrethra in the female of Geomys 
Bursorius. 

F. V. Covinte: Work of the botanical division of the department of Agriculture. 

C. S. Mrxor: Account of the marine biological laboratory at Wood’s Holl. 
Differentiation of the primitive segments in vertebrates. Morphology of the 
blood corpuscles. Disappearance of the Decidua reflexa. 

A. J. Cook: Food of bees. 

C. L. Herrick: A case of morbid affection of the eye in a cat. 

B. T. GALLoway: Life history of Uncinula spiralis. Preliminary notes on a 
new and destructive oat disease. 

THEOBALD SMITH: Variability of disease-germs. 

Smion H. Gace and H. W. Norris: Notes on the amphibia of Ithaca. 

Srion H. Gage and Susanna P. GAGE: Changes in the ciliated areas of the 
alimentary canal of the Amphibia during development, and relation to the mode of 
respiration, 
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S. H. Gace: Combined aerial and aquatic respiration in Amphibia, and the 
functions of the external gills in forms hatched on land. 

J. K. Howe tt: Trimorphism of Uromyces Trifolii. 

CLARENCE M. WeeEp: Harvest spiders of North America. 

E. D. Cope: Structure of certain paleozoic fishes. 

L. H. PamMMEt: Seed coats of the genus Kuphorbia. 

D. H. CampesBett: Method of growth of the prothallia of the Filicineze, with 
reference to their relationships. Contributions to the life history of Iseeus. 

V. M. Spatpine: Development of the sporocarp of Grigithsia Bornetiana, 

LucteEN M. Unperwoop: Distribution of Hepotize of North America. 

Byron D. Hatstep: The migration of weeds. 

W. J. Beal: Geographical distribution of North American grasses. 

H. E. Wituiams: On the plates of Holonema rugosa. 

W. J. Beat and T. W. TuoMey: Continuity of protoplasm through the cell- 
walls of plants. 

J. B. STEERE: Distribution of land birds in the Phillippine Islands, 

J. C. ArtHUR and H. L. BotLey: The specific germ of the Carnation disease. 

W. P. Witson: Desirability of establishing a Biological station on the Gulf of 
Mexico. 

W. R. Lazensy: Crystals in certain species of the Arum family. 

C. W. Hareirr: Jsopyrum biternatum. 


Section H. Anthropology. 


H. W. HensHaw: Indian origin of maple sugar. 

W. K. MooreneaD: Fort Ancient. 

W. H. Houimes: Aboriginal stone implements of the Potomac valley. 

R. T. CoLBurN: Suggestion for a Pan-American as precursor to an universal 
language. 

J. MuLuLeR: Dialectic studies in the Swedish province of Dalecarlia. Peculiar 
effects of one-sided occupations on the anatomy and physiology of man. 

F. W. Putnam: Notice of a sin ular earth-work near Fosters, Little Miami 
Valley, Ohio. On an ancient hearth in the Little Miami Valley. 

B. G. WitperR: Exhibition of diagrams of the brains and medisected heads of 
man and a chimpanzee. 

C. C. ABgotr: Exhibition of a bone image from Livingston county, N. Y. 
Exhibition of gold beads of Indian manufacture from Florida and New Jersey. 

J. Jastrow: A study of mental statistics. 

O. T. Mason: Arts of modern savages for interpreting Archeology. 

H. D. Garrison: The form of the external ear. 

H. M. Stoops: Preliminary steps to an Archeological map of Franklin Co., 
Indiana. 

Kk. D. Corre: The relation of mind to its physical basis. 

J. W. Spencer: Remarks upon the mounds of Sullivan county, Indiana. 

Zetia NutTauu: On the atbatl or spear-thrower of Ancient Mexico. 

Anita Newcoms McGee: The evolution of a sect. 

il. N. Rust: On obsidian instruments of California. The basket-mortar of 
Southern California. The adze. 


Section I. Economic Science and Statistics. 


S. Dana Horton: American money, past and present. Instruments of valua- 
tion or the nature of money units. 

OsporN TALBOT: Natural resources of Loudon county, Va. Economic 
value of the energy of neglected children. 

B. KE. Fernow: The forest as a national resource. 

M. Mites: Biological factors in nutrition of farm crops. 

EpwarpD ATKINSON: The right application of heat to the conversion of food 
material. 

Jacos Refrigerating power of trees. 

Wm. S. Hitt: Constitutionality of our national economic policy. 


342 Miscellaneous Intelligence. 


EpwarpD Orton: Municipal corporations and natural gas supply. 

JAMES H. KELLOGG: Utilization of surplus labor. 

Mary HENMAN ABEL and ELLEN H. Ricnarps: Hygienic advantage of the 
sterilization of milk and its best methods. 

Wm. H. Hate: Ethics of strikes. 

Gro. W. HoLLEY: Floods of the Mississippi and how to prevent them. 


2. British Association at Leeds.—The meeting at Leeds com- 
menced its sessions on the 2d of September. The inaugural ad- 
dress of the President, Sir Frederick Augustus Abel, treated of 
the practical achievements of physical science during the past 32 
years—the interval since a former meeting at Leeds. 

The address of the President of the Association and those of 
the Vice-Presidents, together with full reports of the papers pre- 
sented at the meeting, will be found in the successive numbers of 
Nature, commencing with that for September 4. This excellent 
weekly Journal of Science should be in the hands of all interested 
in science and its progress. Its semi-annual volumes begin on 
' May 1 and Nov. 1. 

3. An American Geological Railway Guide, giving the geo- 
logical formation at every railway station, with altitudes above 
mean tide-water, notes on interesting places on the routes, and a 
description of each of the formations; by James Macrarane. 
Second edition, revised and enlarged, edited by James R. Mac- 
farlane. 426 pp. New York, 1890 (D. Appleton & Co.).—This 
new edition of Dr. Macfarlane’s excellent hand-book for geologists 
and tourists, on which he was working before his death in 1885, 
has been edited by his son with much care, producing a valuable 
thesaurus and compendium of information concerning the geology, 
the mineral deposits, and the best localities for collecting fossils 
and examining geological sections in Canada, the United States 
and Mexico. The scope of the book is well seen from the title 
page, as above quoted. Its reliability is guaranteed by the names 
of the geologists of the several State, United States, and Cana- 
dian geological surveys, who have supplied full notes of their 
respective fields of investigation. Ww. U. 

4. Royal Society of N. 8S. Wales.—Vol. xxiii, Part 2, of the 
Journal and Proceedings contain, covering 160 pages, a list of 
the marine and freshwater Invertebrate fauna of Port Jackson 
and the neighborhood, by I. Whitelegge; on the occurrence of 
platinum in a feldspathic vein in the Broken Hill district ; on the 
Australian Aborigines, and other papers. 

5. Smithsonian Miscellaneous Collections, no. 741: Index to 
the Literature of Thermodynamics, by A. Tuckerman. 240 pp. 
8vo. 1890. 

6. Verzeichniss der Schriften tiber Zoologie von Dr. O. Taschen- 
berg, of Halle.—The eighth “ Lieferung,” signatures 281-320, of 
this important zoological bibliography has been issued by W. 
Engelmann. It finishes the Hymenoptera and commences the 
Coleoptera. 


Minerals, Scientific and Medical Books. 


REMOVED TO 4116 ELM AVENUE, 
Philadelphia, Pa. 


A. E. FOOTEH, M.D. 


Teachers and Students will find the largest and best stock of Llowpipe material 
and collections at the lowest rates. 

For Christmas and other presents nothing can be better than our collections 
with or without hardwood boxes. 

The steady increase of the business in books and minerals has compelled the 
removal of the stock of over 300 tons to a much more commodious building. At 
4116 Elm avenue, opposite Fairmount Park, and not far from Memorial and Hor- 
ticultural Halls, there are over 8000 feet of floor space above the basement. 


NEW ARRIVALS OF MINERALS, 


Prof. Foote’s Exhibit and store in Paris in 1889, gave him almost unequaled 
facilities for making exchanges, and he also visited various mineral localities of 
Europe and Africa. 

The following are a few of the species that he personally collected: 

Greece, Laurionite.—A well crystallized oxychloride of lead, by the action of 
sea water on the rich old Slag, now exhausted, groups of good erystals. 50c. to 35. 

Serpierite.—A blue sulphate of copper and zinc, found only at Zauriwm. and 
now apparently exhausted, good crystal groups. 25c. to $5. 

Adamite.— Arsenate of zine of various colors, crystal groups. 5c. to $3. 

Smithsonite-—Some deep blue, to. $10. Also Scorodite, Aurichalcite, ete. 

From Africa, Nadorite antimonio-chlorite of lead. crystal groups. 10e. to $3.50. 

Senarmontite.—Autimony oxide in fine octohedrons, some in the gangue, 5c. to 
$5. Valentinite fibrous antimony oxide. 5c. to $2. 

From Sicily, Melanophioyite. A curious cubic form of silicie and sulphuric 
acid found only at one mine, crystal groups. 10c. to $3. 

Sulphur in the finest specimens ever seen, groups, 25c. to $50; single crystals, 
5e. to $5. 

Vesuvian Minerals were purchased on the spot and include the typical things 
such as Vesuvianite, Tenorite, Leucite, etc., at exceedingly low prices, 10c. to $2. 

Elba Minerals, /ematites.—In fine crystals and groups, some iridescent. 10e. 
to $10. 

Pyrites.— Magnificent crystals, 10¢c. to $2. Many choice ENGLISH MINERALS 
were bought at the localities. 

Send for catalogue giving full lists and prices, 100 pp. sent free to all customers 
or to those requesting it on headed paper, to others on receipt of 5¢e. Heavy 
paper 10c., bound in cloth 25ce. 

Naturalists’ Leisure Hour, on heavy paper, 25 cents per year or 12 numbers. 

The largest stock of Scientific and Medical books in the world. Send for 
Catalogues free, or on heavy paper 5c. Please specify the branch of science in 
which you are interested. 

he following are a few of the many valuable books bought within the past 
year and now offered for sale. American Journal of Science and Arts, 127 
volumes, mostly bound (complete sets are very rare), $250. Elliot, Monograph of 
Tetraoning, or Family of the Grouse, 27 col. plates, 4to, 1865, $70; Pfeiffer, Novi- 
tates Conchologice, 5 vols., 159 col. plates, 1858 to 1879. $50; Tryon, American 
Marine Conchology, 44 col. plates. hf. mo., 1875, $15; Morris, History of British 
Birds, 6 vol., 358 col. plates, 1856, $15; Forbes and Hanley, History of British 
Mollusea, 4 vols., 203 col. plates, 1853, 320; Yarrell, History of British Fishes, 
2 vol., 1836, orig. ed., $12.50; Chenu, Illustrations Conchyliologiques, 453 pls., 
over 8,000 hand colored figures, folio, 1858, $100. 
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REPORTS OF THE GEOLOGICAL SURVEY OF ARKANSAS. 
JOHN C. BRANNER, STATE GEOLOGIST, 


An act of the legislature of Arkansas directs that the reports of the State 
Geological Survey shall be sold by the Secretary of State at the cost of printing 
and binding. The Reports issued, and their prices by mail are as follows: 


ANNUAL REPORT FOR 1888. 

Vou. I. On the gold and silver mines, and briefly on nickel, antimony, manga- 
nese and iron in western central Arkansas. Price $1.00. 

Vou. II. On the general mesozoic geology, chalk, greensands, gypsum, salines, 
timber, and soils of southwestern Arkansas. Price $1.00. 

Vou. III. On the coal of the state, its distribution, thickness, characteristics, 
analyses and calorific tests. Price 75 cents. 

Other volumes will soon be issued. 


Address, Hon. B. CHISM, Secretary of State, Little Rock, Ark. 


BECKER BROTHERS, 
No. 6 Murray Street, New York, 
Manufacturers of Balances and Weights of Precision for Chem- 
ists, Assayers, Jewelers, Druggists, and in general for every use 


where accuracy is required. 
JOHNS HOPKINS UNIVERSITY. 


BALTIMORE. 


I. American Journal of Mathematics. S. NEwcoms, Editor, and T. Craie, 
Associate Editor. Quarterly. 4to. Volume XII in progress. $5 per 
volume. 

II. American Chemical Journal.—I. ReMsen, Editor. 8 Nos. yearly. 8vo. 
Volume XIin progress. $4 per volume. 

III. American Journal of Philology.—B. L. GILDERSLEEVE, Editor. Quar- 
terly. 8vo. Volume X in progress. $3 per volume. 

IV. Studies from the Biological Laboratory.—lIncluding the Chesapeake 
Zoological Laboratory. H. N. Marti, Editor, and W. K. Brooks, Asso- 
ciate Editor. 8vo. Volume IV in progress. $5 per volume. 

V. Studies in Historical and Political Science.—H. B. Apams, Editor. 
Monthly. 8vo. Volume VII in progress. $3 per volume. 

VI. Johns Hopkins University Circulars.—Containing reports of scientific 

and literary work in progress in Baltimore. 4to. Vol. IX in progress. 
$1 per year. 
Annual Report.—Presented by the President to the Board of Trustees, 
reviewing the operations of the University during the past academic year. 
Annual Register.—Giving the list of officers and students, and stating 
the regulations, etc., of the University. Published at the close of the Aca- 
demic year. 


ROWLAND’S PHOTOGRAPH OF THE NORMAL SoLarR SPecTRUM. New edition now 
ready. $20 for set of ten plates, mounted. 

OBSERVATIONS ON THE EMBRYOLOGY OF INSECTS AND ARACHNIDS. By Adam 
T. Bruce. 46 pp. and 7 plates. $3.00, cloth. 

SELECTED MORPHOLOGICAL MonoGRAPHS. W. K. Brooks, Editor. Vol. I. 370 
pp. and 51 plates. 4to. $7.50, cloth. 

THE DEVELOPMENT AND PROPAGATION OF THE OYSTER IN MARYLAND. By W. 
K. Brooks. 193 pp. 4to; 13 plates and 3 maps. $5.00, cloth. 

7 THE ee EQUIVALENT OF Heat. By H. A. Rowland. 127 pp. 
vo. $1.50. 


A full list of publications will be sent on application. 
Communications in respect to exchanges and remittances may be 

Johns Hopkins University (Publication Agency), Baltimore, 
aryland. 
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